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PREFACE. 



The subjects in the first part as far as " the Eangefinder," inclu- 
sive, comprise the course at the Eoyal Military College. 

The course at the Koyal Military Academy includes the above, 
and in addition the chapter on the Pocket Sextant, and part of 
those on latitude, longitude, and determination of altitudes by the 
barometer. 

The Theodolite, Trigonometrical surveying, Levelling, lload 
making, Horseback sketching, &c., belong to the Stafif College 
course, in addition to the preceding parts of the book. 

The author is indebted to the Eev. J. Twisden, M.A., Professor 
of Mathematics, Staff College, for the sections on determination 
of latitude and longitude and measurements of heights by the 
barometer. 
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INTRODUCTORY REMARKS. 



ScALJBi^ Reducing and Eklaboino Plans. 

SuBVETiNG is the art of measiiring the shape and size of the featnxee' 
on any portion of the earth's sarface, and representing thorn on a 
reduced scale, so as to bring the whole nnder the eye at once, lis 
object, as applied to the art of war, is to explain by plan and by repoit 
the tactical capabilities of gronnd in anticipation of some . militairy 
operation, or to illustrate operations which have taken place. 

Such sketches generally comprise small portions of country lepre^ 
sented on a large scale. ' They must be performed rapidly, as their 
value depends upon the information afforded by them being furnished 
in time to allow of its being acted on. Attention is paid to objects 
chiefly in proportion to their tactical importance, and therefore soma 
objects are more strongly marked in these than in civil maps ; gentle 
undulations of the ground may for instance be, in a military point of 
view, of paramount importance and therefore shown, whilst other 
features, such as slight fences, which would not give cover or impede 
movement, may be fittle noticed. 

Again, the density of a wood rather than its exact area would first 
attract the notice of the military surveyor, though its extent would 
be sketched as accurately as time would permit. The present 
condition of the surface of the country, the extent to which woods 
and hedges interfere with the view or impede movement, in fact 
everything that affects the tactical aspect of the localiiy would be 
explained both by the plan and by writing. These sketches mi^ 
convey no false information, nothing but what has been seen must 
be represented, and the tendency to sacrifice truth to ^effeot mufit be 
guarded against. 

The most valuable sketches of positions and lines of communication 
h9*ve often to be made under suck circumstances that it would be 
impossible to attempt deliberate measurements, and it is especially in 
such work that the advantages of training and experience are evident, 
enablix^ correct conclusions to be drawn from slight indioations; 
attention to be directed to that which is of .real importance only;;^ 
and a correct Judgment as to what is required, to be quickly formed. 

The practice of military surveying is in great m^tfiure a process of 
development of the perceptive Acuities, and, whatever the natmsal 
aptitude for the subject may be, every officer may by proper training 
acquire some proficiency in this art, mere draughtsmanship being of 
nolnor importance in the present style of representing ground. 

A very im})ortant habit engendered by military sketching is that .of 
studying the forms of ground and thinkmg of their ieSeot on nuUtary 
operations. 
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8 SCALES. 

Any person can survey if time is unlimited, but it is only by prac- 
tice that the combination of rapidity and accuracy required m military 
sketching can be attained. 

"Map reading" or the ability of quickly grasping the correct 
meaning of a military plan, a faculty which every officer should 
possess, is not to. be acquired without study. He who understands 
surveying is most likely to appreciate and make good use of the 
sketches produced by others. 

Scales. 

The construction of scales must be first mastered as entering into 
every branch of the subject. 

The " scale " of a plan is the proportion the latter bears to the 
object which it represents. For instance, the scale of 1 inch to a foot 
implies that every object a foot long on the ground is represented on 
the plan by a length of an inch ; this scale would also be described by 
the " representative fraction " -5^, because an inch is the twelfth of a 
foot. Similarly, a scale of 1 inch to a mile, which is that of the 
general maps of the Ordnance Survey of Great Britain, implies that 
every mile on the ground is represented by an inch on the plan, the 
representative fraction being, in this case, -g-g-l-o^, there being 63,360 
inches in a mile. 

The numerator of the representative fraction is always unity. 

Continental plans are usually drawn on scales, the denominators of 
the representative fractions of which are multiples of 10, as xos^oj 

In this country, the inch being the unit of measure by which the 
eye is accustomed to judge distances on paper, it is usual to state the 
proportion of the plan to the ground as, for instance, " 6 inches to a 
mile," an expression which conveys a clearer idea than the equivalent 
representative fraction, -nyxeo* The representative fraction, usually 
termed R.F., should, however, be also stated on the plan, to simplify 
comparison with maps in which different units of measure are used. 

The scale on which plans are executed will depend on the amount 
of detail which it is desirable to show, and partly on the nature of the 
ground ; when the detail of the country, for instance, is open, a smaller 
scale will often suffice than when it is close. 

Positions, or sketches giving tactical information are usually drawn 
on the scale of 6 inches to a mile, though in a country containing little 
detail and large natural features, 3 or 4 inches to a mile would be 
sufficient. 

Boutes and rivers sketched during instruction are drawn 3 to 6 
inches to a mile ; on service at 2 or even 1 inch to a mile. 

Plans for strategical purposes showing large districts of country 
may be drawn at 1^ inches to a mile, or less. The national surveys of 
the country are, as a rule, used for this purpose, the corrections neces- 
sary to show recent additions and alterations being made by the Staff. 

The linear quantity which the scale is to show, whether miles, 
yards, or feet, is termed the " unit of measure." 

The scale is usually drawn about 6 inches long. 

For the construction of a scale, calculate how many tens, hundreds, 
or thousands of the unit of measure will occupy nearly 6 inches on 
paper. The object of assuming a decimal number of units is, to 
simplify the subsequent subdivision of the length by compasses or 
otherwise, into a whole number, without fractional remainder. 
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SCALES. 9 

Ex. I. Suppose tlie scale required to be 15 inclies to a mile, to 
show yards. Here the nnitfi of measure are yards. 

We propose to make the scale about 5 inches long (or ^ of a mile, 
586 yards). Instead of this number assume a decimal number, say» 
600. 

Then by proportion — 

Yards in Yards in Inches representing Length of 

a mile. the scale. - a mile. scale. 

1760 : 600 :: 15 : 511 

The length of scale should be worked out to two places of decimals, 
a quantity measurable on a scale of inches. 

Take 5*11 from the diagonal scale of inches. Divide this lino 
AB into 6 equal parts of 100 yards each, called the primary divisions. 

This is done by drawing another line AC at any angle with AB, 
and dividing it into any 6 equal parts, h, c, d, &c. tfoin Bj and draw 
parallels to this from the points /, e, eZ, &c., intersecting AB in the 
required 6 equal parts. (Plate I.) 

Subdivide the left division into 10 secondary parts each of 10 
yards. 

The zero of the scale should be placed as shown, and the primary 
and secondary divisions numbered outward from it. 

It is evidently a more simple operation to divide this line 5*11 
inches long into 6 equal parts, than to have assumed its length as 
exactly 5 inches, and divided it into 5*86 parts. There is no difficulty 
in taHng the fractional quantity from the diagonal scale of inches. 

If the diagonal scale of inches is not at hand, the required length 
may be taken from the artificial scale 30 of the Marquois scales, which 
shows inches and tenths ; the second place of decimals may be taken 
by estimation. 

Ex. II. To construct a scale of 8 inches to a mile, to read feet. 

Here, the units of measurement being feet, of which a mile con- 
tains 5280, either 3000 or 4000 feet will produce a scale of conve- 
nient length — 

Feet. Feet. Inches. 

5280 : 3000 :: 8 : 4-54 inches. 

Lay off 4*54 inches on the paper and divide into three primary 
divisions of 1000 feet each, and subdivide the left division into 
secondary parts of 100 feet each. 

Ex. III. Construct a scale of chains, 500 feet to an inch. 

In scales of chains, links are usually taken as the unit of measure, 
100 links = 66 feet ; therefore 500 feet = 757-57 links. 

An inch being =757 links, 4000 Links will produce a scale of con« 
venient length — 

Links. Links. Inch. 

757 : 4000 : : 1 : 5*28 inches, length of scale. 

If the unit of measure is not named, that most convenient may be 
adopted ; for example : — 

Ex. rV. Construct a scale of 3 miles to 1*75 inches. 

If we decide to show thousands of yards. Then as 3 miles or 
5280 yards = 1*75 inches, we may assume 15,000 yards as a conve- 
nient number— 

5280 : 16,000 : : 175 : 4-97 inches. 



10 aCALES. 

In this scale secondary diidaions of 100 joxda can.be Ahown^ Or 
if we decide to show miles and forlongs^ 3 joiles h^ng = 1*75 
inches, 9 miles is assumed for the scale — 

3 : ^ :: 1-.75 3 6*25 inchce, 

or the secondary divisions might show quarter miles. (Ex. IV, PL I.) 
To find the representative fraction of a scale ; make the given 

number of units of measure the denominator, and the number of 

inches which represents them the numerator. Reduce the fraction to 

one having its numerator unity. 

Thus in Ex. I, 15 inches to a mile — 

15 inches 15 ^ -n 1 

or .--±^ R.F. 



1 mile 63,360 * ' 4224' 

In Ex. IV, 3 jniles = 175 inches— 

r75 inches ^ 175 ^^ 1 



3 miles 190,080 * 108,617-1' 

Ex. V. To construct a scale when .this E.F. is given. l4Gii the 
R.F. be "3 (5*00 ^^^ ^ scale of yards be required. 

It is always convenieoit to consider the B.F. as stated in inches. 
1 inch represents 3000 inchee <H* .83*33 yards, so that 400 yards may 
be taken for the scale — 

83-38 : 400 : : 1 = 4*8 inches. 

The primary divi8i0nB heing Imndreds, the secondary iens of 
yards. 

Ex. VI. Consla^uot scales for fiketchiDig on horseback. 

The horse takes 110 Aixides cantering, and 290 walking a 
measured distance of 300 yards ; and the rider rises in the saddle 90 
times in trotting the samB distaooe, R JB^. srhnj' 

Then 300 yards will be represen:bed.in j^ian by 

800 X 36 



25,000 



= 0-432 inch. 



As 110 cantering strides = 0*432 inch, 1500 may be taken for the 

110 : 1500 : : 0*432 : 5*89 inches. 
290 walking = 0*432 incTi'; 'assuming 8000 for the scale— 

290 : 8000 :: 0*432 : 4*47 inches. 

90 trotting ; assuming 1000 iar -the scale — 

90 : 1000 J 2 0*432 : 4*8 inches. 

Ex. VII. A sketch is found with no scale or R.F. marked on it. 

The distance between two objects represented in the sketch as 2*73 

inches apart, is measured on the .ground and found to be 765 yards. 

. 2*73 1 

To construct a scale. The R.F. is ~" 



765 X 36 10,087*9 
As 2*73 inches represent 765 yards, assume 1500 yards for the 
scale"^ 

765 : 1500 z: 2*73: 5-35 inches. 

If called upon to make a sketch of ground when unproFided with 
instruments, the edge of a card onay be masked with any equal parts 
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to represent hundreds of yards for use In the field. Its B*.F. may be 
subsequently found. 

Supposing the scale to measure 4*25 inches long, divided into 800 

yards, its R.F. is • = — = — . 

^ ' 800 X 36 6776-5 

Comparative scales express the same proportion in different units 
of measure. For instance, a scale of yards might be prepared to 
examine a foreign plan whereon a scale of " metres" is shown. Or a 
plan might have scales of yards, of feet, and of links given, compara- 
tive to each other, that is, having the same representative fraction. 

Military operations are measured by the time taken in traversing 
distances. In mountainous country, where this time will vary greatlv 
with the nature of the ground, a scale of hours will be a usef id addi- 
tion to a map. 

The foregoing examples of plain scales are divided into primary 
and secondary divisions only. 

If a third subdivision is required, the scale is constructed on the 
diagonal principle, thus— 

Ex. VIII. Required a scale of chains to show 10 links — Scale 
15 inches to a mile. 

A mile contains 8000 links. 

Assuming 3000 links — 

8000 : 3000 : 15 : 5*62 inches. 

Take AD = 5*62 inches and divide it into three parts of lOOO 
links each. (Plate I.) 

Draw 10 lines parallel to AD at any equidistance, and raise per- 
pendiculars at A, B, 0, D. Subdivide the left division AB and EF 
into 10 parts of 100 links. Join these points of division diagonally, 
and number the scale as shown. Then if a distance of, say, 850 links 
is required, place the points of the compasses at x X . 

Ex. IX. Construct a scale of yards, feet, and inches, R.F. ~. 

An inch represents nearly two yards ; assuming 8 yards for the 

288 
scale. 8 yards = 288 inches. Therefore length of scale -— - = 4j'11 

inches. 

Here 12 lines are required parallel to the divided line. (Plate I.) 

The sketching protractor usually has the scales of 6 and 8 inches to 
a mile engraved on it, equally suitable for sketching at scales which 
are multiples and measures of these numbers ; e.g. : — 

For sketching at 3 inches to a mile, multiply the measured distance 
by 2, and take it off the scale of 6 inches to a mile — or for 16 inches 
to a mile, divide the distance by 2 and use the scale of 8 inches to a 
mile. 

Measurements in the field should be taken direct from the pro- 
tractor without using compasses. 
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CoPTiNO, Beduciko, A2n> ENLABonro Plans. 

To make an enlargement or redaction of a plan, draw squares of 
any convenient size on the original. Prepare the paper for the copy 
with squares in the required proportion; the original can then be 
easily copied by eye, objects being placed in the copy in the sam& 
positions that tney occupy relatively in the squares on the original. 

Ex. I. It is required to reproduce at 4 inches to a mile a plan A, 
Eig. 1, the scale of which is 9 inches to a mile. The length of the plan. 
A is 8*25 inches, therefore that of the copy will be 9 : 4 : : 3'25 : 1*44 
inches. Divide each of them into the same number of equal part8» 
say 8. Baise perpendiculars at a, b, and c, d. On these set off as 
many of the same equal parts as may be required, and join the points 
forming the squares. 

Ex. II. A plan with the B.F. ^yftoo is to be copied at 6 inches to a 
mile. 

The plan is 10 inches long. 

The E.F. of 6 inches to a mile being ^^j^^, the length of the copy 
will be 10-560 : 25,000 : : 10 : 23-86 inches. 

Ex. III. A Prussian plan, part of the scale of which is shown 
below, is to be reproduced at B.F. ^^ioo * 

Fig. 2. 

t— ! L_I t_JL_l__J_JE^ 

The schritt is 30 inches long. On examining the scale it is found 
that 1300 schritte or 89,000 inches measure 5*5 inches ; its B.F. is 
therefore T^rr« Supposing the plan to be 12 inches long, the copy- 
will be 12,000 : 7091 : : 12 : 7*09 inches ; original and copy will thea 
be divided into the same number of squares. 

The size of the squares will depend on the scale and on the minute- 
ness of the detail to be copied. It will be found that, as a rule, 
the squares from which an enlargement is made, or to which a reduc- 
tion is made, should not have a less side than a quarter of an inch. 

Plans which are to be simply copied without reduction or enlarge- 
ment may be first traced on transparent paper, and then a piece of 
carbon paper being placed between the tracing and the copy, and botL 
being firmly &istened down by drawing pins, the tracmg may be 
transferred by following the lines with a pointed instrument, or the 
plan may be transferred direct, without a tracing, but there is some 
danger of damaging the original by the point. 

Transparent muslin is useful for copying, as a drawing may be 
highly finished on it ; it is tough, and will bear much handling. The 
drawmg should be done on the glazed side, and washes of water color^ 
when required, applied at the back, about twice as dark as they are 
intended to appear on the front. 

The quickest and best way of copying when the original is on thin 
paper, is simply to pin the copy on it and to trace it through against 
a window pane.* 

* If much copying has to be done, it is as well to prepare a sheet of glass with 
inch or half inch squares in. ink, and lay this on the original, the copy being pre* 
pared with squares similar or in proportion to the required reduction or ^darge- 
ment. This saves time, and preyents the defacement of plans. 

Jn Surrey Offices, reduction and enlargement of phuis 10 performed bj photo* 
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JSxanvples, 

1. Construct a scale of yards 4 inches to a mile. 

2. „ a scale of miles 35 miles to 2*5 inches. 
3^. „ a scale of yarda R.P. ^f-^^-j5^. 

4. „ a scale of any conrenient nnit of measure, BJ. -j^. 

5, „ a scales of 5 cliains to an inch. 

€, The distance betwBen two points is known to be 1660 feet ; on 
a plan these points are 13'7 inchea apart. Construct a diagonal 
scale to read units of feet. Give the R.F. 

7. Ton find that 232 of your paces are 200 yards, and that your 
horse when walking covers that distance in 185 steps, and 
when trotting in 123. Construct suitable scales. E..F/ xxyixr?- 

8. Construct comparative scales of links, metres and feet. R.F. 

(1 metre = 39*37 inches, 100 links = 22 yards). 

9. How many inches to a mile do the following fractions repre- 
sent : i0S6> TFTTQ' 12 7 6 4 ^ 

10. Construct a £agonal scale to ^ow thousandths of a foot, full 
size. 

11. A map is 25 inches long, 24 broad j it represents an area of 40 
acres ; draw its scale of yards. 

(4840 square yards = 1 acre).. 

12. A plan, the R.F. of which iis q^o, is to be copied at R.F. 
^3^^^ . The original is prepared with one-inch squares. What 
wiU be the size of those prepared for the copy ? 

13. A plan is to be enlarged from the scale of " 4 miles to an 
inch **^ to that of " 3 inches to a mile," With what sized 
squares would you prepare the original and the copy ? 

The CoNVEimoNAL Signs. 

It win be observed in the' conventional signs used to represent 
objects in military sketches,* that vertical objects, such as trees, 
hedgerows, &cr., are to be drawn perpendicularly, or parallel to the 
sides of the plian, with shadowB falling horizontally to the right. 

Water or marsh in lines parallel to the upper and lower margins 
of the plan. A few lines should be ruled in pencil to guide the l^d 
in. drawing" these touches. 

All printing should be done on lines ruled horiaontallyy exoept 
the directions of roads, and names of rivers, which should be printed 
along them. In the former the words " from" or " to " are used; 
" from " referring to towns on: the left beyond the Umife of the plan ; 
** to " to those on the ri^t; 

Troops are drawn to scale aecording^ to their steength and fop- 
mation, if the scale of the plan is large enough to admit of this, being 

done. 

In former conventional signs, the theory was adopted thai* light 
shone on objects from the lefb and upper sides^ and therefore houses 
and roadia (supposed to be raised) were given a dark and li^t edge. 
This theory is now abandoned with the object of simplifying: tiie 
signa. 

gnpby, fldeoby an.iB8tratt«Bfc caUsda pa nt b ginpli i a descr^tlon of these ptaomoB 
would be out of place in «Imm fAfNk. 

« Bwnnd. bjr tlie Was OOoa^ CoBunift&MV 18B0. 
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At small scales honses are represented by a block, at large scales 
their form in plan is outlined. In either case they may be colored 
crimson lake whether built of stone or brick. 

Electric Telegraph Line. — The dots are supposed to represent the 
posts in plan about 100 yards apart, at about which distance they are 
to be placed according to the scale of the drawing. 

In double line of railway (distinguished from single line by 
sleepers drawn in blaek) these sleBpers. are to be drawn at the distance 
shewn, whatever the scale of the plan may be. The words " single " 
or ** double " are also to be writtdB hese and there along the line. 

Li drawing cuttings, embankments, and elifiisi, a yertical touch is 
used, the stroke bezBg perpendioular to,, and thickest at^ the top edge 
of the object. 

Trees should be drawn as neavly as possible in proportton to those 
shown in the conventional signs, according to the scale. 
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TEBMS USED IN DESCBIBIKa GBOUND. 



SECTION IL 

Tbsms used in descsibikg hills. 

A few of the most usual terms are :— 

Watershed, This term is accepted as synonymotis with " water- 
parting," meaning the line which defines the highest part of any 
feature or chain of hills. The ridge of a roof illustrates the term. 
In the diagram (Plate IV), the road Xs» nearly corresponds with the 
watershed of a feature.* 

Watercourse. The line defini ng t he lowest part of a valley whether 
occupied by a stream or not, as VV, RB, HH, in the same diagram. 

When contours bend thus, the part of the ground represented by 
the dotted line must be either a watershed or a watercourse. 

Fig. 3. 




Col, The neck or saddle that connects adjacent heights. 

The points D, L, M, S, Q (Plate IV) are cols. 

In most foreign maps this feature is represented by a special 
conventional sign, an arrangement of impossible contours dotted 
thus: 

Fig. 4>. 




Plateau, A flat surface on top of a hill as A (Plate IV), or in a more 
general sense as " the plateau before Sebastopol." 

Table land, A high lying level district of country. 

Basin, A level surrounded, or nearly surrounded by hills. The 
term is often used to express a large district drained by a river and its 
tributaries, as *' the basin of the Ebro." 

* This term has received the sanction of long use for the meaning here giyen, in 
which sense it has been employed by the best authorities. Much has been written 
as to its origin and correct meaning, but there is no question that confusion and 
nuschief would result from any alteration of the long accepted usage. In the 
preface to Jackson's translation of " Levall^'s Military Geography/' 1840, vdll be 
I'ound a clear account of its deriyation, and of the reasons for then retaining the 
present acceptation. 



r: 
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TInduldting. Ground consisting of alternate gentle olevations and 
depressions. 

Ravine, A narrow valley with steep sides. 

Spur. A prominent feature projecting from high gconnd. 

Knoll, or hillock, A small eminence. 

Underfeatures. The minor features which spring from main features. 

The representation of hills. 

Until lately, the authorised method of representing sloping ground, 
has been by shading produced by short strokes called h&chupes, the 
thickness and number of which were regulated by a *' scale of shade,*' 
according to the degree of slope. 

Each stroke, or hachure, being horizontal, the gre&test slope at any 
place is a line intersecting the hachures perpendicularly. 

The " scale of shade '* (Fig. 11) is the key to the expression of 
such a drawing as regards steepness of gi'ound. 

Various other styles of representing slopes by shade applied with 
brush or pen may be seen in former military sketches and plans ; 
in the Ordnance Survey maps, hill features are represented by vertical 
h&churcs. 

For rapid sketches, various systems of pen and pencil drawing 
have been advocated according to the fancy of the draughtsman and 
the fashion of the day, the object of all being, however, merely to 
produce an effect of shade. 

Like other military sciences, the art of expressing ground has 
been much developed in late years, as shown by the maps accompany- 
ing the German official accounts of the actions in 1870-71, those of 
the battles of Gettysburg, &c., issued by the United States Secretary 
for War, and in fact all the best recent military plans in which hills 
are represented by contours. 

It has been determined to abandon the system of indicating slopes 
and hill features by hachures, and to adopt instead continuous con- 
tours supplemented by mezzotint shading, as presently described. 

A contour is the line of intersection of a hill by a horizontal plane. 
In a survey, contours are placed at equal vertical intervals. For in- 
stance, the line defined by the edge of the sea on a shelving beach 
might be regarded as a contour, and others might be traced at, say, 
5 feet intervals by marking the edge of the water each time its surface 
had faUen that quantity. These lines surveyed and drawn to scale 
would be a contour plan of the slope. 



Tm. t.) 
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HOBIZONTAIi EQUIVALENTS. 
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Besides the relative altitudes, the contours explain the shape and 
slope of eyerj part, being close together in proportion to the steepness 
of the ground. 

If a contour forms a ring which does not enclose any other, such 
as are shown at P, G, T, &c., Plate IV, it may be assumed that it is 
the top of a hill, as the only other form it could express would be 
the interior of an inverted cone, such as a crater. 

If contours appear to touch one another, there must be a vertical 
cliff and the eoutours will re-appear where the clifE ends, as in Fig. 6. 

Fio. 6. 




The Scale of horizontal equivalents, ob Scale of slopes. 

Two conditions must be known before the amount of slope in a 
contour plan can be recognised. 

1st. The scale of the plan. 

2nd. The " vertical interval " or difference of level between the 
contours. 

The vertical interval will usually either be stated in the margin of 
the plan, or the contours will be numbered with their heights in feet 
above the sea or some assumed level. 

Sometimes the " scale of slopes" or " scale of horizontal equiva- 
lents " (presently explained), will be given on the plan, by which the 
steepness of the ground may be judged. 

There are two methods of describing a slope. 

Firstly. That commonly used in construction of railways, fortifi- 
cations, &c. The gradient, that is, the difference of level which occurs 
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in a oertaui horiramtal distance, stfttod QBnaUy as a &actioii, a.g., one 
foot fall in 30 horizontally, or ^. The gr adienta may be noticed 

marked elongside railways, thus, | '*^__J showing that there is 

a difEorence of level of 1 foot in 241 feet, or 1 yard in 241 yards. 

Secondly. The slope may be expressed in degrees of elevatioii or 
depresBioji above or below the horizontal plane. This method is most 
familiar to military men when readii^ maps or considering the 
tactical capabilitieB of gronnd. 

A difference of levd of 1 foot will occor in 57'3 feet on a slope of 
r* (stated as 1 in 57-3.) 



* C7 -39 bdng the ostnTsl ootangeut of 1". 
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On a slope of 2'' the same difference of level will evidently occur in 
half the horizontal distance (29 feet nearly) or 2** = 1 in 29 

3° = ^ = 1 in 19 

10^ = ^ = 1 in 6 

and BO on. 

It is nsnal to employ the convenient number 60 instead of 67*3 for 
a rough approximation, and to consider — 

1** as equivalent to 1 in 60 
2° „ 1 „ 30 

6° „ 1 „ 12, Ac. 

and conversely the degree of slope equivalent to the gradient — 

1 in 20 is nearly 3° 
1 „ 15 „ 4° 
1 „ 6 „ 10° 

Heights of hills, or the difference of level between any two points 
are always designated in feet in this country. 

Distances usually in yards when measured on military plans. 
Therefoi'O it will be useful to remember that the horizontal equivalent 
for i fQot vertical, at /° slope, is 1P7 yards nearly (57*3 feet). 

Hence can be found at once the horizontal equivalent for any 
given conditions. For instance, if the vertical interval be 10 feet, 
the horizontal equivalent for 

1 foot at 1® being 19*1 yards 
10 feet at r will be 19-1 X 10 = 191 yards 

101 
10 feet at 2° =: ±^ = 95 yards 

„ „ 3° = — ^ = 64 yards, &c.* 

These distances being drawn to the scale of the plan, constitute 
the " scale of slopes " or horizontal equivalents. 

For instance, if the scale of the plan be 8 inches to a mile, the 
distances calculated as above will produce. 

Fig. 8. 



Horizontal eqtiivalentB for 10 feet, at 8 inches to a mile. 

By measuring the distance between the contours on tbe plan by 
this scale, the steepness of the ground at any place may be known. 

In order to avoid the necessity of constructing scales of horizontal 
equivalents suitable to different plan scales, a normal scale of hori- 
zontal equivalents has been adopted in this country, which is used, as 
a rule, for all sketches. The eye soon gets accustomed to recognise 
slopes as represented in plan by the normal scale. 

It is constructed on the conditions of horizontal equivalents /or 
20 feet vertical intervals drawn at the scale of 6 inches to a mile. 

Here horizontal equivalent for 20 feet at l"* = 19*1 X 20 = 382 
yards. 

* This is only an approximation sufficiently close for sketching purposes. When 
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Horizontal equivalent for 20 feet at 2** - ^ = 1^1 jwds 

3«=i|? = 127 yards 

Laid down at 6 inches to a mile, these distances produce — 

Pitt. 9. 
! I I III I I I I I J 1 1 

Horizontal equiTalents for 20 feet, 6 inches to mile. 

similar to the scale given on the surveying protractor. 

The adoption of this scale, to be used as a rule, does not preclude 
the employment of a scale of slopes based on different conditions 
when desirable ; such as when the country is so flat that many features 
would lie between the normal contours, or so steep that they would 
be inconveniently crowded. 

Points as a, h (Fig. 10), which are the same distance apart on plans 
drawn at different scales, evidently represent different actual distances, 
greater as the scale is smaller. 

Fia. 10. 

^' seo^yards'-'i at 6 inches to a mile. 

►--J2^,yar<Z.9-— .. at 3 „ „ 

Hence it is seen that when the normal scale of horizontal equiva- 
lents is used for sketching at scales other than 6 inches to a mile, the 
actual distances in yards will be different to those which produced the 
normal scale (Fig. 9). At 12 inches to a mile, for instance, the 
horizontal equivalent for 2° instead of 191 yards will measure 
95^ yards ; or at 3 inches to a mile will measure 382 yards. 

The vertical interval between the contours will also differ in the 
same proportion, for in descending any slope the amount of rise or 
fall is in proportion to the distance, and if a difference of level of 
20 feet occurs, as has been shown, in 191 yards on ground sloping 2% 
only 10 feet will occur in 95 yards. 

Hence the rule that when the normal scale of horizontal equivalents 
is used at other plan scales than 6 inches to a mile, the vertical 
interval between the contours will be in inverse ratio. The larger 
the scale the smaller the vertical interval. 

the Tertical interval i% large, snch as 100 feet, the difference between the approximate 
and the true horizontal equivalents would be apparent at steep slopes. The true 
equivalents may be obtained by multiplying the following distances by the vertical 
interval. For instance, the horizontal equivalent for 25 feet at 15° is 1 '24 x 25 — 
31 -8 yards. 

Horizontal Equivalents for 1 Foot. 



r « 


19 -10 yards. 


11° « 1 '71 yards. 


21° 


=» -868 yards. 


2 « 


9 -54 „ 


12 * 1-57 


>i 


22 


=- -825 „ 


3 =. 


6 -36 „ 


13 = 1 -44 


j> 
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- -785 „ 


4 « 


4-77 „ 


14 = 1 -34 


>« 


24 


= -748 „ 


5 = 


3 -81 „ 


15 = 1-24 


55 


25 


« 0-715 „ 


6 = 


3 17 „ 


16 « 1 -16 


>J 


26 


« 0-683 „ 


7 « 


2 -71 „ 


17 = 1 09 


>> 


27 


= -654 „ 


8 « 


2 -37 „ 


18 « 1 -03 


>> 


28 


«= 0-627 „ 


D = 


2 -10 „ 


19 « 0-968 


)« 


29 


= -601 „ 


10 « 


1 -89 „ 


20 - 0'916 


»i 


30 


= 0*577 „ 



,22 SXAMPLES. 

For instance, the vertical interval which would produce the normal 
scale of horizontal equivalents similar to Fig. 9 would, if the plan 
were 9 inches to a mile, be — 

9:6 : : 20 : 13*3 feet vertical interval ; 

if the plan scale were 4 inches to a mile — 

4:6 : : 20 : 30 feet Vertical interval. 

The scale of slopes should always be given on sketches underneath 
the plan scale. 

It will be observed that by the simple formula mentioned, 
(1° = 1 in 57*3 or 60 nearly) may be approidmately solved most of 
the problems relating to heights and distances which occur in con- 
nection with military topography when the slope does not exceed 
about 20^— 

(a.) It has been shown how when the vertical (or height) and the 
angle (or slope) are given, the distance (or horizontal 
equivalent) is found. 

(5.) Given the distance and slope, to find the height. Distance 
200 yards, slope 3°. 

3° being — nearly, = 1 in 20, therefore height of object is 
3 

— - = 10 yards, or 30 feet nearly. 

(c.) Given the distance and height, to find the slope. Distance 
180 yards, height 50 feet. 
180 yards = 540 feet, therefore the gradient is 60 in 540, or 
1 in 10*8, which is about 5J°. 

Bxamples. 

1. State the vertical interval at which contours would be placed 
when using the normal scale of horizontal equivalents for 
sketching at 5 inches to a mile. 

2. Construct a scale of horizontal equivalents for 50 feet contours 
on the scale of 4 inches to a mile. 

3. Construct a scale of slopes suitable for the American War 
maps, of which the scale is 1000 feet to an inch, and contours 
at 4 feet vertical interval. 

4. Show the horizontal equivalents for 1°, 2^, 3°, 5°, 7°, 10**, for a 
plan drawn at zshou^ ^^ which contours are represented at 
10 metres vertical interval, 1 metre = 39*37 inches. 

5. From the top of a cliff 150 feet high, the angle of depression of 
a ship was observed 2°, how far off was she ? 

G. Wishing to find the height of a monument on a plain, a person 
paced 120 yards in a straight line from it. Here he observed the 
angle of elevation of its top 4^°. How many feet was the top 
above the person's eye ? 

r. To find the height of an obelisk built on the summit of a slope 
a person measured 150 yards in a straight line from it, here he 
observed the angle of elevation of the top 10° and of the bottom 
2°. What was it's height ? 

S The top of a hill is marked 450 feet on a plan, tlie bottom 
110 feet. The distance measured by the plan scale is 420 
yards. What is the degree of slope of the hill-side ? 

9. What is the scale of a plan in which a slope of 2 0", 100 feet 
high, measures 2*5 inches long ? 
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SECTION III. 

Shading hill featubes. 

The effect to be produced is that of a transparent shade, dark in 
proportion to the steepness of the ground represented. Its object is 
to give body and expression to the contours, which are the outfine of 
the hni-drawing performed in the field, and to explain and develop 
minor features of the ground which may lie between the contours. 
This style of shading being distinct from all line drawing, may be 
applied over the most crowded details without causing confusion, such 
as would be produced by hlU;hure shading. 

The contours should be in crimson lake continuous lines of constant 
thickness, only strong enough to be visible through the deepest shade, 
but not too heavy. 

A smooth hard surface should be under the drawing. Apply lead 
with a soft pencil about the parts where the shade is to bo darkest. 
Rub this in firmly with a piece of chamois leather folded into a small 
pad, allowing the shade to be carried somewhat over the lighter por- 
tions also. 

Apply more lead where the drawing is not dark enough, and again 
rub it in. 

Lighten portions which are too dark with india-rubber ; this wiU 
perhaps bring out the lights too vividly. With a clean part of the 
leather rub the edges firmly, which will have the effect of rounding 
and blending them, and of toning the light. 

It is unnecessary to take the trouble of preserving the exact shape 
of crests of hills, &c., at first ; these can be more easily brought to the 
required form afterwards by india-rubber. 

To bring out any particular form sharply, cut a hole of the required 
shape in a piece of paper ; hold this firmly over the place, and rub out 
out the light. 

If it be required to shade a minute feature, use lead and the 
leather folded into a point. 

The drawing should not be highly finished bit by bit, but the 
general effect of the whole should be given broadly at first, and the 
minor features gradually worked up. 

Any rough granular appearance in the shade may be flattened and 
liighly finished by rubbing firmly with clean leather. Care should be 
taken finally to clean all shade from the margins and level portions. 

Should the pencil be so hard as to leave marks which cannot be 
smoothed out with the leather, scrape lead from it on to the drawing 
where required, or on to a spare piece of paper, Avhence it may bo 
transferred by the leather. 

The shade should be so firmly applied as to bear handling, but 
may be fixed indelibly by floating a wash of isinglass or thin gum- 
water over it. 



H MEZZOTINT EXAMPIiSS. 

Coloar should be applied to roads and woods when required, af fcer 
the shading is finished. 

Low-lying levels should be kept down by a very light shade, whilst 
the tops of hills should bo left void of shade to distinguish theni. 
Watersheds made lighter than watercourses. 

The depth of shade must be regulated by the authorised scale of 
sbade, the eiegree of slope being ascertained by measnnngthe distance 
between the contours with the scale of horizontal equivalents suitable 
to the conditions of the plan. 

The deepest shade which can be produced without opacity repre- 
sents 35°. The shade is not to be increased for steeper ground, which 
will be sufficiently shown by the proximity of the contours. 



The examples of hill shading in mezzotint. 

In copying these examples the contours should be drawn in crimson 
lake, the streams and water in Prussian blue. 

In the 1st example the upper two are for practice in producing a 
perfectly even, smooth tint. The high finish is obtained by rubbing 
with a clean part of the leather, which will remove any nnevenness or 
granular appearance. 

In producing each piece of shade it will be in the centre of the 
portion of paper to which lead is applied ; the excess portion is after- 
wards rubbed out with pencil eraser, a stout piece of paper or card 
being firmly held on the drawing so as to protect that which is to- 
remain. 

In the two centre examples the gradations are obtained by adding 
lead for the darker parts after the flat shade has been produced as 
above ; and by removing lead from the lighter parts with pencil eraser, 
afterwards blending them by rubbing with the leather. 

The left lower example is produced as above, placing the darkest 
shade near the centre, and then erasing the high light ; the right 
lower example is produced in the same manner as the lefb, but the 
high light is afterwards toned and softened by the leather. 

3rd example. Observe that the contours are placed according to 
scales of horizontal equivalents different to the normal scale on the 
protractor. 

4th and 5th examples. The vertical intervals between the con- 
tours are such as produce a scale of horizontal equivalents similar to 
the normal scale, by which, therefore, the degree of slope at any part 
may be gauged. 

6th example. A scale of horizontal equivalents should be pre- 
pared suitable to the conditions given, R.F. a-swo? 1^ ^®^* contours. 
By this scale the slopes will be gauged. 



HAchurk Shading. 

Although hill shading by ha^hures has been abandoned for general 
military purposes, it is thought desirable to give the following expla- 
nation of the process. 

The following scale of shade defines the strength and numbers of 
the h^chures by which certain slopes are to be represented at all 
scales, when this style of hill shading is employed. 
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A fine but not very stifE st«el pen, snoh as Qillotts' 303, should be 
nsed. 

The horizontal eqnivalenta on the above are for 2-5 feet Tertical, 
constructed at 6 inches to a mile, and are therefore wider than the 
present anthorised normal scale of horizontal equivalents (for 20 feet 
at 6 inches to a mile). 

To shade a contoured plan, apply tho scale of horizontal equivalents 
on the enter edge of the scale of shade, to the space between any two 
contours, perpendicular to them, ho as to find the degree of slope 
nearly, and draw a few touches of the proper thickness as if in con- 
tinuation of the lines given, aa. (Fig- 12"). 



Fig. 12. 




The centre blank portion of the card may be cut out, so as to 
allow of the shade being conveniently applied to the drawing. 

Mark off a few hfkchnres here and ^ere in this manner, wherever 
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the distance between the contours varies, so as to obtain a key to the 
tone of shade of the whole. Hills should be shaded from the top 
downwards, and the different degrees of shade expressing the varying 
steepness blended in a natural manner. 

The axis of each row of hfi^hures must be at right angles to the 
contours as aa, never as lib. 

Each touch is to partake of the same amount of curve as the con- 
tours between which it lies. 

The shading must not be carried round a hill in bands between 
two contours at a time; this would mar the effect of roundness of 
forms produced by blending the shades. 

In drawing the darker shades the pen must be held rather flat, 
and with both nibs resting equally on the paper. 

The position of the sketch is to be shifted as required, so that the 
h^hures may be drawn towards the draughtsman. 

Each touch is to be of the same thickness throughout, and to be 
drawn quite firmly. In the darker shades the touch is to be shorter 
than in the lightisr, which may be drawn slightly broken, so as to 
avoid the effect of continuous lines. 

The length of the touches should be varied a little, so as to break 
up the rows and prevent the eye from being attracted to the spaces 
between. 

The beginner should draw very slowly, each touch being executed 
with care and deliberation; freedom of execution will follow with 
practice. 

The hlkshures to be drawn from right to left, so that the point 
of the pen may not hide the adjacent hachure, and that the next may 
be placed at the desired distance from it. 

In order to distinguish the contours through the shading, they are 
to be chain dotted or drawn in colour, but in such a manner as not to 
impair the effect of the shading by being too prominent. 

The maximum shade given in the scale is for 35" ; natural slopes 
steeper than this are rarely met with except in rocky ground ; if they 
exist in the drawing the draughtsman should express them by increas- 
ing the strength, but not the number of the h§<5hures. 

Beyond 45** ground is nearly impracticable, and may be represented 
by vertical or broken touches. 



DRAmNG FEOM MoDELS. 

The model must be viewed from a point vertically above it (not 
obliquely) ; thus steep slopes will bo seen as occupying only their 
proper space, or the base on which they stand. 

Begin by drawing the rivers, roads, sea coast, and whatever detail 
is shown on the model, leaving the contours till the last. 

These details should be copied by measurement either with compasses 
or a slip of paper. The most important roads and largest streams to 
be copied first in the following mauner. 

Measure the horizontal distance between two well marked points 
on the model, such as cross roads, or capes, as wide apart as possible 
within the defined limits. Mark these on the drawing. Take the 
distance of a third well marked object on the model from the two 
first, and describe arcs on the drawing from the corresponding points, 
their intersection will place the object. Continue this process until a 
sufficient number of points have been accurately placed to enable 
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the intermediate details to be sketched without further measure- 
ment. 

As soon as the detail is drawn, it should be inked in, in accordance 
with the conventional signs; so that the pencilling of the contour 
sketching which follows, may be rubbed out and altered without 
obliterating it. 

If contours are marked on the model, draw those indicating the 
hill tops first, then the cols, next mark on the watercourses and water- 
sheds the eictreme inward and outward bends of the contours. The 
watercourses should be faintly indicated in blue chalk (whether there 
be water in them or no) before sketching the contours. 

In sketching models on which no contours are shovni, it is usual 
merely to represent the ground by any convenient number of contours 
vertically equidistant, usually eight or four, as may best suit the 
ground. First decide which is the highest part of the model, and 
draw the contour representing it. Then the sea coast or lowest level. 
Next judge by eye the position of the contour which would intersect 
the ground at half its vertical height, and continue thus to subdivide 
the ground into the required number of equidistant planes'. 



Sbctions. 

A section represents the intersection of a hill by a vertical plane. 

To draw a section on KL, Plate IV. Lay a straight edged piece of 
paper along the section line in the plan and mark on it the exact points 
in which the contours cut this line. Number these points so as to 
identify the contours, calling the lowest contour ; care must be taken 
that each time the same contour cuts the section line it is figured 
similarly. 

Take a number of equidistant parallel lines (Fig. 13) to represent 
the planes of the contours ; figure them 0, 1, 2, 3, &c., from the lowest 
upwards. Transfer the points from the edge of the piece of paper to 
the lowest of these lines, and raise perpendiculars to meet the corre- 
sponding contour planes. Join the heights so found. (Fig. 13). 

The vertical scale is usually exaggerated purposely, in order to 
show more strikingly the changes of slope which in a true section 
would be barely perceptible. In such a case the section does not give 
a true picture of the height of the hill. The exaggeration or propor- 
tion of the vertical to the horizontal scale should be stated under- 
neath the section, as ** heights to distances 5 to 1," &c. 

Supposing a section on PN (Plate IV) required. 

Scale of diagram 12 inches to a mile, vortical interval 15 feet. 
Heights to distances as 4 to 1. 

Draw a series of horizontal lines (Fig. 14) to represent the contour 
planes at equidistances corresponding to the conditions. That is, 
15x4 (exaggeration) = 60 feet. 

Take, say, 10 contours, then the distance between the top and 
bottom line will bo 600 feet. The scale being 12 inches to a mile 
(5280 feet.)— 

5280 : 600 : : 12 : 1*36 inches apart. 

Subdivide this distance into 10 equidistant contour planes. 

When the contours marked on the plan arc taken from the sea level, 
all the sections may be drawn to show the absolute vertical develop- 
ment above the sea, which would be the lowest of the contour planes. 
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But in connection with inland plans, it is more tLsnal morolj to 
assume a " datrum level " below tho lowest part of the eroond shown 
in the plan, and to draw all the sections as based on this, so that the 
relative heights of the ground may be compared. Thus, supposing 
that the lowest contour in (Plate lY) were ntunbered 215 feet, the 
sections (Fig. 15) might be drawn with reference to a datum 200, as 
shown. 
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SECTION IV. 

Making use op plans on the gkound. 

The first thing necessary is to study the scale and to impress 
thoroughly on the mind the space in plan which such distances as 100 
yards, ^ mile, and a mile will occupy. From the habit of regarding 
chiefly large scale sketches, oflBcers are usually at fault in the distance 
at which they expect to find objects which are shown on the one inch 
Ordnance Survey. 

The map should, if possible, be first taken to some commanding 
spot which can be identified thereon. Here it will be spread out and 
placed so that its position shall correspond with that of the country. 

This may be done in two ways. Firstly, if any other distant con- 
spicuous point can be identified, a straight edged rule is laid with its 
edge connecting the two points (the observer's place and the distant 
point on the map). The map is now turned round until the edge 
of the ruler, so placed, is aimed at the distant point in the country. 

Secondly, by means of a common pocket compass. All Ordnance 
Survey maps have their side margins true north and south. Suppos- 
ing the observer to be in the south of England, his compass will not 
point to the true north, but about 18° west of it,* so that a magnetic 
meridian must be drawn by means of a protractor 18 degrees to the 
left of one of the side edges of the map, to correspond with the mag- 
netic needle. 

The compass is laid immediately over this line, and the whole map 
turned until the needle corresponds with it. Care must be taken that 
there is no mass of iron close by. 

The plan being arranged by either of these methods and weighted 
down to prevent it from being disturbed, the observer may aim the 
ruler towards distant points, pivotting it always on the spot in the 
plan that represents his place. If he is a good judge of long distances, 
he will now have no difficulty in recognising places and their names 
in the map, and he should, if necessary, examine them with field 
glasses and impress their appearance on his memory. 

One of the difficulties in making use of existing maps of a strange 
country is, that few of them are corrected up to date, and time may 
be lost in endeavouring to find roads that have ceased to exist, or in 
searching the map in vain for important buildings, railways, &c., 
which ought to be shown. Mere tracks or field paths sometimes 
appear on the maps as roads. 

The observer's place may be found in the map at any time that 
two distant points which are shown thereon can be recognised in the 
country. He should " set " the map by the compass as described, 
and aim the ruler at the distant points, its edge passing through the 
corresponding points on the map ; the intersection of lines drawn 
towards himself fixes his position. 

If he judges that he is on a certain road, and wishes to find his 
exact place on it, he will notice some distant public building, peculiar 
hill, or other conspicuous object, which he can also identify on the 

* Further details on this subject page 44. 
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map. '^ Set " the map by the compass, adjust the ruler in such a 
maimer that its edge may coincide with the object on the map whilst 
directed on the corresponding distant object. The edge of the ruler 
will pass through the road at the observer's place. 

In following a road and making one's way about a strange 
country, it is generally sufficient to hold the map in the hand, corre- 
sponding in position with the ground, in order to recognise near 
objects. 

A rough approximation to the direction of the true meridian for 
finding one's way by the aid of a map, is to hold a watch with its face 
level, and with the hour hand directed towards the sun, then an 
imaginary line drawn from the centre of the dial bisecting the lesser 
of the two spaces or angles between the hour hand and the figure XII 
will be the direction of the meridian within about 20°. This simple 
expedient is useful on horseback, as it enables one to hold the map 
with its sides nearly north and south without dismounting. 



Measurement of distance. 

In military sketching the distances are usually merely measured 
by pacing or by counting the paces of a horse. After a little practice 
the error in distance thus measured will not exceed about 3 per cent. 

The student should test his pacing over a measured distance of one 
or two hundred yards. Most persons find no difficulty in pacing yards 
if they walk quickly, though their natural pace when walking slowly 
may be only 30 or 32 inches. 

The pacing should be tested not only on smooth hard ground, but 
also through heath and ploughed land, which produces a tendency to 
pace short. The length of the pace must be sensibly reduced in 
pacing down steep slopes, and increased in pacing up them. 

A fruitful source of error in sketching is to lose count of the 
number of hundreds of yards that have been paced. Some system of 
recording these should be adopted, such as closing a finger for each 
hundred, or making a score on the sketch. The former is the best, as 
it does not entail halting. 

A mounted officer should know the length of his horse's paces at 
the walk and trot, by trial over a measured distance. In trotting, the 
number of times the rider rises in the saddle should be counted. The 
paces of a horse are quite as constant in length as those of a man, the 
average length at the walk is 33 inches. A young horse will pace 39 
or 40 inches. 

A very accurate measurement of distance on a road may be 
obtained by counting the revolutions of the wheel of a vehicle and multi- 
plying this number by its circumference, which can be measured with 
a tape ; a white mark should be fastened to one of the spokes by 
means of which the revolutions can be counted. 

Distances can be roughly estimated by the time taken in traversing 
them. 

The rate at which sound travels being known (nearly 400 yards a 
second), distances might be estimated thereby, but this method is of 
little practical use to the military surveyor. 

Most important of all is the correct estimation of distances by eye ; 
without this faculty an officer will never be an expert military sur- 
veyor. It is by this means that the most rapid and urgent sketching 
is chiefly executed. 



32 Till ANGULATION. 

Small distances up to 60 or 80 yards should as a rule bo always 
estimated in military sketching. 

In traversing, the number of paces should be counted continuously 
from one station to another. The object of this is, that if an error should 
happen to be made in laying down any distance in the sketch, such 
error may not be carried on (as would be the case were the counting 
recommenced at after halting to sketch detail). The counting 
begins afresh only at the change of direction. 

Measurement of distance by chain, being used in regular surveying 
is described elsewhere. 



TlirAKGULATION. 

When there is time for deliberate measurement, it is usual to com- 
mence a sketch by determining the position of a number of con- 
spicuous objects, either natural or artificial, with as much care and 
exactitude as circumstances will permit, by an operation termed 
triangulation. 

These objects, or stations, serve as starting places from which to 
commence the survey of the details of the ground, and afPord the 
means of checking the accuracy of the work whilst in progress. 

To illustrate the idea of triangulation without reference to any of 
the instruments employed in the process. 

Supposing that a sheet of paper can be laid down at a place 
whence a commanding view of the surrounding country can be 
obtained, and straight lines drawn on it from a point A (Fig. 16) 
(assumed to correspond with this place on the ground) towards such 
objects as church spires, sign posts, chimneys B, (J, D, E ; that it is 
then taken to one of these places, B, and placed so that B A is directed 
towards A, and lines again drawn in the direction of the same objects 
from the point B taken in the line AB. The intersection of these lines 
with those first drawn will take place at points on the paper, bearing 
the same relation to each other as do the objects in the country. 

Now all that is required is to know the distance between A and B ; 
this distance is termed the base. 

In selecting the position of the base for a survey, the following 
general rules should be observed as far as practicable : — 

(1.) It should occupy a central position. 

(2.) The slopes over which it passes should not be very steep. 

(3.) A good view of the country should be obtainable from both 
ends. 

(4.) The longer it is the better, subject to such limitations as 
are imposed by the range of sight, and the spherical form of the 
earth which generally preclude a greater length than 7 or 8 
miles in extensive surveys. For most military sketches a base 
of from 600 to 1200 yards is sufficient. 

The sides of the first series of triangles may be taken as fresh 
bases upon which other secondary triangles may be formed to deter- 
mine the position of more distant stations, and the triangulation is 
thus extended until it embraces the entire district. The accuracy of 
the triangulation depends chiefly on the nature of the angles at the 
vertices or stations. This angle should be neither very acute nor 
obtuse, generally between 60° and 120°. The intersection at 90"^ 
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wonld give the most accurate determiiiation. Hence the rules in 
selecting stations to be fixed from a base are — 

1. The station should not be much more distant than the length of 
the base. 

2. It should not lie much outside a perpendicular to the base at 
either extremity. 

In arranging a triangulation, the direction of stations unsuitably 
situated as regards the ends of the base, may be observed with the 
view of subsequently intersecting them from a more favourably 
situated station. For instance, the direction of H, Pig. 17, might be 
laid down from B (although it lies behind the base) with the view of 
subsequently intersecting it from 0. 

The number of stations chiefly depends on the scale of the survey. 
Stations are convenient about 2 or 3 inches apart on the plan, so that 
if the scale were to be, say, 12 inches to a mile, the stations might be 
selected as near to each other as 500 or 600 yards, whilst if the scale 
were to be 3 inches to a mile, they should be as far apart as 1200 yards 
or so. 

The nature of the country may preclude the possibility of finding a 
good base, of length proportioned to the extent of the survey. For 
instance, in a mountain region, where tolerably level ground can only 
be found in the valleys ; in these cases the size of the triangles and 
length of the bases may be rapidly extended without admitting any 
acute intersection, as follows : — 



Fig. 16. 




G< — 



Supposing AB to be the oidy suitable ground on which a base can 
be measured : from thesepoints good intersections of and D on adja- 
cent heights can be obtained. Taking the line CD as a fresh base, 
E and F may be thence determined. Then G and H and so on, 
increasing the length of successive bases. 

In setting up marks on the ground to serve as stations, it is neces- 
sary to consider the appearance they will present from the point of 
observation. 

If the station is on a hill top, and will be seen against the sky, a 
dark object, such as a disc or a bundle of heather fastened on a pole, 
will show distinctly. If one of the points of observation is so placed 
that the mark will have a dark background when seen from it, a white 
flag will have to be fastened to the pole in addition. 

The accuracy of a station may be verified by intersecting it from a 
third point ; for instance E (Fig. 16), might be intersected from A, and 
(m. t.) C 
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judged to be correct if tLe line passed through the point at which the 
lines CB, DB previously placed it. 

The measurement of the base should be performed with great 
care, as the accuracy of the whole sketch is dependent on it. If time 
admits the base should be paced twice. 

The preceding remarks only apply to small military sketches in 
which the earth is regarded as a plane and not as a sphere. 

In regular surveys, triangulation is an operation carried out with 
an elaboration which it would be foreign to the present subject to 
describe. 

The Plane Table. 

The processes of surveying with the plane table are extremely 
simple ; the direction of objects is at once laid down without a pro- 
tractor, without any angular measurement, and with greater certainty 
than could be obtained by the use of observing instruments. Its chief 
disadvantage as compared with the prismatic compass is its bulk, 
which detracts from its convenience as an apparatus for use on 
service. 

It consists of a board (on which is spread the sketch sheet) 
attached to a tripod stand by a bolt. The board or plane table may be 
revolved to any position, and then fixed by tightening the nut or 
clamping screw attached to the bolt underneath it. A box containing 
a magnetic needle, usually placed underneath the board, may be pulled 
out far enough to show the north end of the needle, or may be with- 
drawn altogether if required. 

The direction of objects is drawn by means of a ruler provided with 
sights, one of which has a slit to which the eye is applied ; the other 
has a hair which is brought to bear on the distant object, 

A needle set in a wooden handle is usually driven into the sketch 
at the point corresponding to the observer's place, and the edge of the 
ruler is pivotted against this in observing a direction. In rough work, 
this needle may be dispensed with, and any straight-edged piece of 
wood may be used instead of the sighted ruler. 

To detach the board from the tripod, loosen the clamping screw as 
far as it will go ; raise the bolt with on^ hand from underneath, 
whilst with the other the board is moved sideways until it can be 
lifted off. 

In setting up the plane table, it must be levelled by the position of 
the legs ; it is generally suflBcient to effect this by eye, but if requi- 
site the levelness may be tested by placing a bullet on the board. The 
legs should be pressed firmly into the ground, so that the position of 
the sketch may not be liable to alteration. 

The employment' of the plane table in triangnlation will illustrate its 
use. Having selected and measured a base AB (Fig. 17), the table is 
placed at A and levelled. The clamping screw is loosened, and the 
compass box jmlled out far enough to show the end of the magnetic 
needle. The board is now revolved until the magnetic needle points 
to the index or mark inside the box, then firmly damped. 

It is next necessary to decide in what part of the paper A shall be 
placed, so that the whole of the sketch may lie within the sheet ; 
the needle is driven into the point selected. 

The edge of the ruler is placed against the needle, and the sights 
aimed at B, C, D, B, Ac, in succession, a fine line being drawn 
towards each of ihem. The ruler lastly directed again on B ; if the 
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edge now corresponds with the line AB, it proves that the original 
position of the board has remained nnaltered. 

The length of AB, laid off to scale, fixes B in the sketch. The 
compass box is now pushed in until it may be again required. 

The table is carried to B, the needle driven into the corresponding 
point in the sketch, the board undamped, and the edge of the ruler 
adjusted accurately to the line AB. The board is now revolved until 
the sights are directed on A, then clamped. 

The process is then repeated of pivotting the ruler against the 
needle and directing it on C, D, E, &c. The points where the edge 
intersects the relative lines previously drawn from A towards these 
stations, are surrounded by a small circle thus Q, marking their 
position. 

Lastly, the ruler is aimed at A to prove that the board has not 



Fig. 17. 
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^onDved. The phme table may then be taken to the stations thus fixed 
and fresh points observed from them, care being taken that the inter- 
Bection at the distant point is not too acute. The direction of these 
lin^s is taken with reference to visible -stations already determined, by 
means of which the board is "set." 

In placing the plane table at a station on the ground, it is, strictly 
speaking, not the centre of the board, but the station on the sketch that 
should be vertically over ihe spot. This exactitude could, however, 
seldom produce an appreciable difEerence. 



Finiing the Place Jy Interpolation, 

Having determined stations by triangulation, as described, the 
surveyor may, by reference to them, find the point on his survey 
^which corresponds to his position on the ground, and may thus deter- 
mine fresh stations, or commence surveying the details at any con- 
"venient place, such as a cross road where he may happen to be. The 
(m. t.) 2 
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most convenient way of finding the place is with the aid of the 
magnetic needle ; in this case only two known stations need be visible. 
Pull out the compass box and revolve the board until the magnetic 
needle points to the index, as it did when the triangulation^was com- 
menced. The position of the board is now similar, or parallel to, its 
original position.* 

Supposing E and F (Fig. 18, 1) to be visible. Drive the needle into 
one of these, e in the sketch, pivot the ruler on this, aim it at E in the 
distance, and draw a line towards oneself. Repeat the process with 
regard to P ; the edge of the ruler will intersect the first line in or 
near the required point g. 

Owing to magnetic inaccuracy there may be some slight error in the 
place so found, the magnetic needle not lying exactly parallel to its 
original position. The accuracy may be verified, if any other stations 
are visible, by aiming the ruler at them. 

If lines drawn from them, instead of intersecting the same point, 
form a figure about it in the sketch, it shows that the board is not 
" set " truly, and it must be revolved until it will stand the test. The 
direction and amount of alteration may be inferred from the aberration 
of the test lines. Or should the error be very small, it may be ^ufiB.- 
cient to take the centre of the figure formed by the lines. 



Finding the Place toithout tlie Magnetic Needle. 

(a.) At least three stations must be visible as a rule, in order to 
interpolate the place without a compass. It may be possible to place 
oneself in line with two, as CD (Pig. 18, II), and at the same time 
with other two, EP, on the ground ; the corresponding lines drawn in 
the sketch determine x, 

(&.) Supposing A, B, andC to be visible, the observer being some- 
where below 0- By moving until he is in the prolongation of the 
line AC, he can '* set " his sketch by the ruler laid on the line ca 
(Pig. 18, III). Now drive the needle into h and, pivoting the ruler 
on it, aim at B, its edge will intersect ex io the required point d. 

(c.) Or, if somewhere between A and C, he may place himself 
exactly on that line as described below, " set '* the sketch by laying 
the ruler on the line ac (Pig. 18, IV), and turning the board until th© 
sights are directed on A or C ; -pivot the ruler on h and aim at B, its 
edge will intersect ac in the required point li. The surveyor may place 
himself on the line between two distant points by observing them alter- 
nately from opposite ends of the ruler laid on the board, and shifting 
the position of the whole table to the right or left, until the sights are 
found to bear on the objects when viewed from either end. 

(c?.) A piece of transparent paper may be fastened on the board by 
pins, and lines a, &, c drawn upon it from any point x in the direction 
of three visible stations A, B, 0. This is now taken up, laid on the 
plan, and shifted about, until each of the lines passes through its corre- 
sponding station. Then the point x may be pricked through on to 
the sketch (Pig. 19). 

This process is known as " finding the place by adjustment." 

• There is no recognised English equiralent for " orienter," the term used by 
the French to express placing the survey in a position corresponding with the ground. 
The process, whether performed with or without the magnetic needle will be termed 
here ** setting *' the sketch. 
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(e.) Or from three visible stations 0, B, A (Fig, 18, V), repreaenteiJ 
on the eketcli by c, b, a, the place may be fonnd thus : — 

By the ruler align cb on B, and from a draw a line c, y towards A. 
Align be on C, and draw another line towards A intersecting the first 
at y. Adjust the ruler to ya and revolve the board so as to direct the 
sighta on A ; the board is now " set." Pivot the ruler on 6, direct it 
on B and draw a line be. Pivot the ruler on c, aim at C and draw a 
line OF, the point of intersection se is the place required. 

In interpolating by any of the preceding methods, the accuracy of 
the determination depends (as in triai^nlation) on obtaining good 
int«rsectionB at the point, and this idea should gnide the surveyor in 
his choice of stations, hy reference to which he proposes to find his. 
place. 

It may happen that the shf^>e of the piece of gronnd is each that 
the board will not contain it when " set" by the magnetic needle, aa 
first described, with the sides of the hoard north and Boutli 
(Fig 20, I). 




In this case the board being first placed 



position that it 

be withdrawn 

position that the 

The triangnlation is then 



1 such I 



from underneath and laid on the sketch 
magnetic needle points to the index. 

A line NS will be drawn along its ed^. 
proceeded with 

In setting up the board subsequently at any time hy means of the 
compass, the box is readjusted to this line, and the board revolved 
until the needle points to the index. 
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SECTION V. 

The Pbibmatic Gompabs. 

^ntis inatnmieiit oonsistiB of a murnetio needle bnlanoed on & pivot, 
and oarrjin^ a card divided into 36(r and half degrees : contained in a 
metal box, at opposite aides of TMch are a sight rane, Y, and an 
^e-pioce, S (Fig. 21). 

The box is geuerallv"fitted wiUi a metd oover, in whioh is a glased 
opening, thratigh whioh is seen the gradnated edge of the card 
raflected by a prism at F to the eye, when looking through the slit 
S and directing the vane on the object. 

The Bight vane and prism are tnmed down when not in nao. 

The prismatic compass gives the "bearing" of an object, that is, 
tiie angle contained between the magnetic north line and a line from 
tiie oteervop to the object, or "angular distance from the magnetic 





Zq nsii^ &e compass, Sxet hold it at some distance from Qte (^c, 
and iratch the swing of the card. By pressing the knob K, which 
touohes its edge, check it when near); midwjif in its swing. When 
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quite steady bring it slowly to the eye, "holding it horizontally with 
both hands, so that the card may not touch the cover. 

The graduation is read from right to left, like the dial of a watch. 
The card must be at liberty whilst the observation is being taken, and 
the knob K must not then be touched. 

In windy weather it may be necessary to kneel, resting the elbow 
on the knee, to get a correct observation. 

The graduation of the card commences at south (II, Fig. 21), in 
order that the degree showing the bearing of the object may appear 
under the eye. Thus the vane V being directed on an object which is 
270° from north, measured from right to left (I, Fig. 21), it is that 
number measured from south which appears under the prism. 

The compass cannot be relied upon for great accuracy, the presence 
of iron ore in the ground or other disturbing influences, may affect 
it to such an extent as to render it almost useless in some localities. 
However in England it will seldom err more than 2°, a quantity 
which, in mere sketching, is not very important. 

Portability is the chief merit of the instrument. It is very con- 
venient for rapidly filling in the details of ground, particularly when 
the country is close, and the view limited. 

The whole of a sketch should be executed with the same compass, 
as different instruments will vary as much as 3 or 4 degrees. The 
magnetic variation of the instrument being ascertained, the true north 
can be laid down on the sketch (page 44). No observation should be 
taken with the compass in close proximity to a mass of iron, such as a 
gate. 

The effect of the attraction of a railway may be avoided by taking 
the bearing from a point 20 or 30 yards on one side of it, and protract- 
ing it from a similar point on the sketch ; or the deviation may be 
minimised by using the compass in the centre of the six-foot way, 
where there is an equal quantity of iron on either side. 

In hurried work the expected view of one station from another is 
often not obtainable, but may be obtained from a point close by. The 
compass is very convenient in these cases. 

For instance, the bearing of any line will be constant throughout 
its length, so that the required observation may be obtained by 
advancing a short distance, as from A to a (Fig. 22), (B being invisible 
from A). 

FA. 22. 

A • a • B 

The surveyor may place himself on the line between two distant 
points by laying a straight stick on the ground, and observing from 
cither end, whether it is directed on one of the distant points, shifting 
its place to the right or left until he finds it to coincide with the line 
between the points on the ground (as explained in connection with the 
plane table). Having thus found the line, the bearing of either of 
the stations may be observed, as if the observer were standing at the 
other. 

In using the prismatic compass for observing a triangulation, thq 
base having been selected and measured (as already described), a list 
of the objects is first prepared, and the bearings are entered opposite 
them, as they are observed. In this way a record is kept, so that the 
work can be revised and checked; also the bearings can be more 
rapidly protracted than if each observation were separately laid down 
immediately after being observed, as all the bearings can be marked 
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off along the edge of tlie protractor wlien once adjusted on the 
sketch. 

The bearings of two stations may be taken one immediately after 
the other without removing the compass from the eye, if the memory 
can be trusted. 

The Peoteactob. 

The direction of an object observed with the compass, being ex- 
pressed in degrees of angular distance from the magnetic north, must 
be laid down on the sketch with a protractor, a more troublesome 
process than drawing its direction as described with the plane 
table. 

The sketching protractor is a thin rectangular slab of ivory, about 
6 X If inches, with bevelled edges. 

The degrees of the semicircle from 0° to 180**, that is, from north 
to south, by the east, are marked on the outer edge of the protractor ; 
the western semicircle is figured inside these from 180° to 360°. The 
centre is marked by a broad arrow. 

Smaller quantities than degrees must be laid down by estimation. 

The sketch must be prepared with parallel lines, about one-third 
of an inch apart, to represent the magnetic north and south, with 
relation to which the bearings are protracted. 

One end of these meridians should be marked N before commencing 
the sketch, to avoid the possibility of protracting the bearings in the 
reverse direction. 

The protractor is laid on the sketch with its centre at the point 
where the bearing is to be drawn, and its edges set north and south, 
or parallel to these lines. There should be no difficulty in recognising 
this parallelism, as one edge of the protractor cannot be farther than 
one-sixth of an inch from a line. 

If the bearing is under 180° the graduated edge of the protractor 
is laid to the right ; if over 180° to the left, the north margin of the 
sketch being uppermost. 

The bearings of a triangulation (Fig. 23), observed with the 
prismatic compass, as explained, are thus noted : — 



fF, 181° 

G, 220° 15' 

H, 231° 

A, 265° 45' 

C, 309° 

D, 315° 

B, 350° 30' 



AtG 



{& 



310° 
GQ"" 15' 



.,^fL,120° 
-^^^ IK, 242'' 
At F— 0, 332° 45' 



'"C, 3° 

D, 40° 15' 

E, 60° 
AtA^B, 85° 45' At B 

F, 110° 

G, 141° 
H, 171° 30' 

A point is chosen for A in such a part of the paper that there 
may be room for the whole sketch on it. 

The protractor is adjusted, with its centre at this point and its 
graduated edge to the east. The position of all the bearings under 
180° are marked off, and fine lines of indefinite length drawn through 
them from A, as shown ; those over 180° are next protracted. 

The measured length of the base being taken along AB, according 
to the scale of the sketch, the centre of the protractor is set at B, 
and the observed bearings protracted. 

There is no necessity to draw lines throughout from B to intersect 
the relative lines previously drawn from A. It will be sufficient to 
mark the points where the intersection would take place. 

The letter or name by which each station is designated should be 
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marked on the relative lines as they are protracted, in order to aToid 
confusion. 

The observation of C at F was taken as a partial test of the accnracy 
of the triangulation. If this be correct, the Kne FC, when protracted, 
will pass through C in the sketch, which point was previously deter- 
mined from A and B. 

The protractor has on the reverse side the normal soale of slopes 
(being that most frequently used for placing contours in the field), the 
vertical interval and the horizontal distance varying inversely with 
the plan scale, as explained (page 21). Tables of distances in yards 
suitable to the normal scale of slopes at plan scales of 6 and 12 inches 
to a mile are also engraved on the protractor. 

If required to sketch ground with contours at abnormal vertical 
intervals, the surveyor must construct a scale of slopes on the edge of 
a card for use in the field, as described (page 20). 

The scale of 6 inches to a mile engraved on the protractor may 
be used for sketching on other scales of which it is a measure or 
multiple by simply multiplying or dividing the measured distance 
as required. Thus, for instance, in sketching at 3 inches to a mile, 
the measurements would be halved, or in sketching at 18 inches to a 
mile trebled, and in either case taken off tiie scale of 6 inches to a mile. 

The point at which the angle is to be laid down, may be so near 
the edge of the paper that the graduated edge is ofE it. In this case 
lay the protractor with the graduated edge inwards, and produce the 
required angle outwards through the centre. 

Jnterpolatkm, 

With the prismatic compass, the place in the sketch corresponding^ 
with that on the ground may be easily interpolated when two distant 
known stations are visible. 

If the bearing of a Station A (Fig. 24), be, say 45**, ihen the 
observer's place on the sketch is in such a position with reference to 
A that the bearing 45* when protracted would pass through it. 

The simplest way of deteraining^ ijbxa line is to proiract 45** eU A 

TSm. 2A. 
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in tlie reverse direction (with the graduated edge of the protractor to 
the left instead of the right). 

Supposing the bearing of the other station B t-o be 320°, this 
would be laid off at B, but reversed, or to the right. 

The intersection of these two lines determines the observer's 
place X, 

As previously remarked, this operation is often useful in finding* 
the position of a cross road, or other convenient starting point, or for 
checking the accuracy of a traverse. 

The accuracy of the determination depends on securing a good 
intersection, not too acute, at the point x. 



The Magnetic Variation. 

The magnetic needle in various parts of the world deviates more 
or less from the meridian : this angle of deviation, or angle formed 
by the needle with the true meridian at any place, is called the 
** variation *' or " declination " of the compass. 

There are only two lines on the earth's surface where the magnetic 
and geographical meridians coincide. 

lu the South of England, in 1882, the needle points about 18° 20" 
west of north.* 

The variation of the needle is so inconstant that the bearing of 
any line observed with a compass can only be cousidered an approxi- 
mation to its true direction. 

The needle is liable to disturbance from the effect of iron-ore in 
the ground, a serious difficulty, because unseen. In Zululand this 
local attraction is said to have rendered the prismatic compass useless 
for sketching. Visible causes of deviation, such as iron gates, 
girders, <fec., can easily be avoided or compensated for. 

The needle further undergoes diurnal irregularity (different in 
summer and winter). In summer in England, from sunrise till about 
midday, the needle moves westwards about 15 minutes, then returns 
gradually to its original position about 10 p.m., where it remains until 
morning. The magnetic variation in England is tending annually 
northwards at the rate of about five minutes. 

The natural direction in which the needle points in England is 
dbout 70° downwards. This tendency, known as "the dip," is coun- 
teracted by weighting the opposite end of the needle. The dip varies 
in all parts of the world; at the magnetic poles the needle would 
point vertically downwards ; about the equator dip is imperceptible. 
The object of mentioning this tendency of the needle is because it 
may be found necessary to alter the counter-balance of the compass 
card in different parts of the world by weighting the elevated end with 
a little sealing-wax. 

The magnetic variation of each compass should be known, in order 
that the true north may be laid down on sketches, to which line all 
the work of different officers employed in the execution of a combined 
survey may be referred, or by which the relation of sketches to existing 
plana may be compared. 



* The magnetic yariation in London in 1576 was 11^ east. Thence it receded 
northwards, and in 1660 coincided with the meridian. Still moying westward, the 
greatest yariation, 24>° 2(y, was attained in 1814, since which time the needle has 
been retorning northwards. 
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The pole star famishes the simplest means of determining' with- 
out special instruments the true meridian, and thence the magnetic 
variation. 

Fio. 25. 
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The heavens appear to revolve round an invisible point (the pole) 
only 1° 27' distant from this star. Twice in every 24 hours the pole 
star in revolving round the pole comes into the same vertical plane 
with, and either above or below, it. This occurs when the star f of 
the Great Bear (the second from the end of the tail) is in the same 
vertical plane with the pole star (Fig. 25, II). 

At this time the bearing of the star should be observed with the 
prismatic compass, a candle being placed so as to illuminate the card. 

The angular distance of this bearing from true north is recorded 
a3 the magnetic variation of the compass; for instance, if the bearing 
were 355° 15' the variation would be 4° 45' east (Fig. 2G). 

Fia. 26. 




The relation of the magnetic to the true meridian is often miff- 
conceived ; it may be best realised by first drawing a line on paper to 
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represent the tme meridian, and then laying a protractor with its 
centre on this line, and the given bearing coinciding with it. The 
«dge of the protractor is now magnetic NS. 

If it be inconvenient to wait for the star £", Ursffi Majoris to como 
to the same vertical plane aB the pole star, the bearing may be taken 
when the two stars are in the same horizontal plane. In this case the 
tme north is 1° 27' east of the pole star if the Great Bear is oast of it 
(Fig. 25, I) and vice versd. This quantity mnst accordingly be added 
to, or Bubtracted from, the observed bearing. 

A convenient manner of laying down the north without special 
instraments, is to hang a plumb-line from the top of a window which 
looks northward. When the north star is on the meridian, stick a 
needle in a table in the exact line with the string and star : a flag or 
other mark may be placed by daylight, marking the meridian in the 
same alignment, at any distance. 

Another method of laying down the true north is by the sun. 
Were it possible to note the moment that the sun attains its greatest 
elevation in the heavens its direction (tme eonth) might be laid down 
at once. Bnt as this moment of culmination is difficult to determine 
without astronomical instrnments, it ia more practical to do so by the 
method of equal altitudes, which can be accomplished without instru- 
ments. 

A pole is fltnck lightly in the ground, ita head pointing somewhat 
northward, and kept in position by two sticks tied together (Fig. 27) : 
a perfectly level surface should be prepared beneath it. About half 
an hour before noon the extremity of the shadow projected by the 
pole should be marked (a.) Find the point vertically under the top 
of the pole by a plumb-line hung from it ; describe an arc with radius 
of the length of the shadow from this point as centre. 




When the shadow after getting shorter and shorter, again lengthens 
until it touches the arc, mark the spot (b). The point ^ bisection of 
the arc (c) between a and b is tme nortli of the centre. 
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A flat siirface, such as the top of a camp table laid on the ground 
and levelled, permits the direction to be more accnrately determined. 

Que8tio7i8, 

1. What would be recorded as the magnetic variations of compasses 
from the following observations : — 

(a.) The bearing of the pole star when on the meridian being 
345° 30' ; 

(&.) The bearing of the sun at noon on the meridian being 
189° 15'. 

2. Draw A and B two points 3 inches apart, the bearing of 
B from A 327°, and the magnetic variation 20° W. The north 
point to be drawn in accordance with the authorised con- 
ventional signs. 

3. What would be the bearing of the sun at noon observed with a 

compass having a magnetic variation of 17° E. ? 

4. The bearing of the pole star being observed 343° 30' at the 
time that ^ Urses Majoris is at the same altitude with, and cast 
of it, what is the magnetic variation of the compass P 
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'prismatic compass and field book. 



SECTION VI. 



Traversing with Compass. Field Book. 



" Traversing " is the operation of moasaring the length and ob- 
serving the direction of a series of straight Imes along a road, or 
through a country ; also the position of adjacent objects with, reference 
to these lines, which are termed traverse lines "or " chain lines.*' 

The traverse, or survey of the details of the ground, is sometimes 
performed by entering the observations and measurements in a field 
book, from which the plan is subsequently plotted, or drawn. 

The field book is a large pocket book with a column about three 
quarters of an inch wide, ruled lengthways down the centre of each 
page ; this is called the chain cohunn (whether the chain be used or 
no) ; in it are only booked the forward angles, or direction of the 
traverse lines, and the forward distances. 

TJie side columns are used for the offsets, or measurements made 
jperpendicular to the traverse lines. It is by means of offsets tbat most 
of the details of the ground are measured. For instance, to survey a 
sinuous line, sucb as a stream, or an irregular fence, the bearing, or 
forward angle of a traverse line AB is observed as nearly parallel to, 
and as close to it, as circumstances will allow, and offsets or short per- 

FiG. 28. 




Double. 



pendiculars are measured to the points a, b, c, d, &c., which best define 
the form of tbe objects. In regular surveying, these offsets are 
measured witb a tape or rod, but in sketching it is usually sufficient 
to judge their lengths. Offsets are not, as a rule, taken to objects 
at a greater distance than 100 yards from the traverse line ; the length 
of offsets depends somewhat on the scale, and also on the time 
available. 

Before observing the direction of a traverse line, one should con- 
sider the necessity of its being generally parallel and conveniently 
near to the stream (or whatever the object may be), and should also 
bear in mind that the work must be done with as few changes of 
direction as possible. It is evident that it is not necessary to take 
offsets to more points than two in a straight line, however long it may 
be ; the offsets W, Z, determine the position of the railway with rela- 
tion to the traverse line AB (Fig. 28). 

The forms of the objects so measured are sketched in the offset 
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colxuniis, their peculiarities of shape being often exaggerated so as to 
convey more clearly the particular points to which the figures refer. 
The entry in th^ offset column is made on the same line as the for- 
ward distance in the chain column opposite which it occurs. 

In the offset columns are also entered the bearings of objects too 
distant to be conveniently fixed by offsets. 

The entries are commenced at the bottom of the last page and con- 
tinued upwards towards the beginning. 

The figures should be legibly printed so that the book may be 
"•* plotted " by a second person ; the entries should not be crowded. 

The chain column represents a line having no breadth, therefore 
no representation of the sides of the road or any other detail must be 
made in it; if in traversing, a road or fence is crossed obliquely, 
it must not be represented in the field book as passing obliquely 
across the chain column, but must arrive at one side of the column, 
and leave it at the other, at points precisely opposite, thus : — 

Fia. 29. 
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As airthe figures refer either to linear measurements, or to their 
direction,^ the latter must always be distinguished by the signs of 
degrees and minutes, so that they may not be mistaken for linear 
measurements ; some persons use a red pencil for the angles, and a 
black for the distances. 

Winding roads should be traversed with the smallest possible 
number of observations. 

Fia. 80. 




Thus, instead of following the centre of the road by a number of 
short traverse lines, 1, 2, 3, &c, (Fig. 30) the forward angle should be 
taken on 5, the most distant point visible from A ; after traversing tip 
to h, the next forward angle would be taken on c ; in this line he it 
may be found that a longer view of the road towards e is obtainable 
from d than from c, so that the next forward angle is observed from 
the former point. 

(m. t.) d 
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The different places at which the direction of the road changes 
and is observed with the compass, are denoted thus 0, called stationfl. 

When a fresh forward angle is observed, a line is drawn across tha 
chain column above the last forward distance. 

Each O is designated by a Roman numeral. The forward mea- 
surement is commenced a&esh at each O, but all intermediate measure- 
ments are inclusive. 

Offset measurements are all taken from the chain line (that is, 
when two or three objects are on the same offset line, the distance of 
each from the chain line or traverse line is recorded). 

In surveying buildings on a large scale, ifc is generally desirable to 
measure their details along the walls, in which case they are distin- 
guished thus ^ 100 7, as shown : — 



Fig. 31. 
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Before pacing an offset, a mark should be left at the spot so that 
the forward measurement may be resumed there. 

The field book must be held with the chain column corresponding 
in direction with the forward angle, and care taken that objects to 
the right and left are entered in their respective offset columns. 

As an illustration of the method of working and of keeping the 
field book, a portion of road drawn on a large scale is shown, the for- 
ward angles and offsets are dotted. Plate II. 

The traverse is commenced at ©I, the first forward angle taken up 
the road on a direction post at 011 (42° 30'). This is the first entry 
made in the chain column. The offsets are measured to the boundaries 
of the road 6 yards on the right, 5 on the left. These entries are made 
on the same line as ©I in their respective offset columns. 

The forward pacing is then commenced, care being taken not to 
deviate from the line of direction. At 32 yards the Hue touches the 
left boundary ; this is shown in the book, not by drawing the boundary 
to touch the chain line, but by the entry 0. The right boundary is 
10 yards distant here. 

The field book shows the remainder of the offsets up to ©11. On 
reaching this spot, a line is drawn above the last entry 83. 

The name of this place ©II is next entered. Bearings are taken 
pf the road to Mostyn, and of a farm chimney at some distance. These 
are entered in their respective side columns. The farm is subsequently 
observed again from ©III ; the intersection of these bearings fixes its 
position. Another bearing from ©IV intersecting the same point on 
paper, when laid down, shows that both it and ©lY are correct. 

The necessity of having a good angle at the point of intersection 
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principle, but the traverse is merely drawn at once witli the protractor 
instead of being written in the field book. 

The sketch should be held in the hand (not attached to the body 
by a strap) and should be turned so that the forward angle on paper 
corresponds in direction with the traverse line on the ground ; this 
enables the draughtsman to realise the connection between them. 

The forward angles should be lightly drawn, as they do not remain 
permanently on the sketch. 

Unnecessary prolongation of lines should be rubbed out, so as to- 
avoid confusion. 

The points at which fresh forward angles are observed and pacing 
re-commenced in the traversing, should be surrounded with .a small 
circle, or otherwise distinguished in the sketch, so as to avoid the 
common source of error of laying off distances from the wrong 
point. 

After halting to sketch or to measure an offset, the counting of 
paces is to be resumed at the last number, not at zero, except on 
starting to measure a fresh traverse line. 
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SECTION VIL 

TRAYEBSma WITH THE PlANE TaBLE. 

It has been preyionsly remarked tliat in '' filling in " the details 
of a survey, the work should be referred as much as possible to the 
stations fixed by triangulation, and should therefore be commenced at 
one of these stations, with the intention of working up to, and closing 
on another. 

This may not be possible in some cases, and the starting point for 
a traverse may have to be found by interpolation when the station 
is inconveniently situated or inaccessible. If the plane table can be 
set up within a short distance, 50 yards or so, of such a station, this 
distance may be estimated and the starting point taken on the paper 
^at the corresponding distance and direction. 

In the following description, the points where the plane table is set 
to observe a change of direction in the road, will be designated thus 0« 
A and B, Fig. 32, are two of the stations fixed by triangulatiou. The 

Fio. 32. 




traverse was commenced at A. The needle was fixed in a on the 
sketch, the ruler adjusted to the line db and the board revolved, until 
the sights were directed on B, then clamped. The sketch was thus 
" set," and if the magnetic needle were examined, it would be found 
to point to the index, as it did on commencing the triangulation* 
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The sketcli might have been set by the magnetic needle instead of 
the line AB, on starting, but this method would not have been so 
accurate. I 

The ruler was next directed up the roads X and Z, and these were 
drawn their proper width, according to scale. Also down the road on 
a well-defined object, the more distant the better, in the required 
direction through ©I. 

Before commencing the forward measurement, all the detail ina- 
mediately adjoining was sketched, such as fences, houses, &c., their 
direction being determined by the ruler and their distance either by 
pacing or estimation, generally the latter, (This detail has been pur- 
{KMsely omitted in the diagram.) 

The forward measurement was then commenced, care being taken 
to' preserve* the exact line in advancing. The detail* on either side 
was drawn from time to time, the surveyor 'halting to . estimate the 
distance of objects, as soon as they became perpendicular to the for- 
ward direction, as he advan^ced. 

On reaching ©I and placing it at its measured distance from A in 
the sketch ; the change of direction towards ©II was thus laid down., 
The ruler was adjusted to the traverse line, and the board " set " by 
revolving it so as to direct the sights on A, then clamped. The ruler 
was then aimed at ©II and the forward direction drawn. 

In order to follow the changes of direction accurately, it is neces- 
sary, as a rule, to leave at the back © some mark which will be visible 
from the forward ©, such a piece of paper fastened in the hedge. 
Also to select some well-marked object for the forward direction, as 
distant as possible, and to be careful to set up the plane table exactly 
in this line, on arriving at the forward 0, 

The traverse may occasionally be checked by aiming the ruler at 
any stition that may be visible at the time the sketch has been " set," 
and observing whether* tha edge passes through the boinlj which repre- 
/sents this station on tlie sketch whilst |)ivoted ag^mst a needle stttek 
in thd point of t observation. The magnetic needle may also be 
consulted occasionally to see whether it points to the index after the 
board has been set by the back 0. 

The traverse was thus carried on to OIII, where an opportunity 
occurred by closing on station B, and throwing out any error that 
might have crept into the work. 

Instead of setting the board by the back O as above described, it 
may be advantageous to set it merely by the compass when traversing 
through a wood, or in tortuous lanes, where it would be necessary to 
observe fresh directions frequently. 

This method is very simple, and saves the necessity of leaving a 
visible mark at the back from which to measure the forward direc- 
tion. At each the board is merely revolved until the needle points 
to the index, then clamped, and the direction laid down with the 
ruler. 

The inaccuracy inherent in the compass will produce less evil than 
will an error of direction of the same amount committed in traversing 
by the back 0, such as is very possible with an inexperienced sur- 
veyor. For instance, an error of direction a, committed with the 
compass at 01 will eventually only affect the traverse by the same 
amount (Fig. 33,1). 

Whereas a similar error made when traversing by the back wiH 
increase and radiate with the distance (II). Hence it may be seen, 
that the system employed in traversing should depend on the ear- 
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Pig. 83. 

a 





Teyor's skill, and on the nature of the road to be traversed, also on 
tlie existence, or otherwise, of local attraction, ironstone, Ac. 
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HILL SKETCHING, CLINOMETEB. 



SECTION VIIL 



Hill Sketching. 

Before the application of contours to hill sketching wa& adopted^ 
the shape of the ground was drawn in h^Lchures on the spot, a system 
in which everything depended on good draughtsmanship and neat execu- 
tion, guided by fixed rules difficult to apply in cold or bad weather. 

The object of the present system is — 

1. To represent the ground with as little drawing as possible in the 
field, time being too valuable for the exercise of mere draughtsmanship, 

2. To give a more exact and scientific representation of the features 
than was formerly possible. 

It is evident that the contour system requires more thought and 
judgment in the field, though less preliminary instruction indoors. 

In order to sketch ground intelligently it is essential that in the 
first place the surveyor should form some conceptionof the shape of the 
features, and of the general appearance they will present in plan, before 
he proceeds to the application of measurements. This may appear 
difficult to a beginner, but every day's work will strengthen his powers 
of observation and add to his ability to express his ideas graphically. 

It would be impossible to prescribe one system of determining the 
position of contours which would be equally applicable to all sorts of 
ground. All that can be done is to explain a few of the most usual 
methods, to be employed as experience may suggest. 

Watkin's Clinometer 

is the instrument used in sketching, both for levelling and for 
measuring slopes. 

Fie. 34. 
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Description* 

The above figure shows the clinometer with the cover removei 
The pendulnm AB which swings freely from the pivot A is fitted with 
a mirror AC, so as to reflect to the eye placed at E the soale of degrees 
engraved on the ivory DEF. An object the inclination of which is 
required is at the same time seen through the opening.G. When not in 
use, the plumb-bob B is kept from vibrating by the metal arm H 
sliding against it. To fix the instrument on to the compass, slots, K 
and L are cut in the base, into which enter two screw heads fixed in 
the bottom of the compass, and locked in position by the spring OP. 

Instructions, 

To prepare the instrument for taking angles, slide the knob Q to the 
left to free the plumb-bob ; hold the clinometer in the left haiid, and 
view the object through the opening G, noting the angle opposite, as 
seen in the mirror. 

To remove the instrument from the compass, hold the compass in the 
left hand, press the knob M, and turn the clinometer to the right (i.e.f 
in the same direction as the hands of a watch). 

To place the clinometer on the compass, enter the projecting screw 
heads into the openings K, L, then pressing the instrument well against 
the compass, turn it towards the left until locked by the spring. 

For travelling, tilt the clinometer until the plumb-bob rests against 
the side (a^ shown in dotted lines) and slide H until it presses 
against it. 

In observing a slope, the line of sight must be directed paralled to 
the surface of the ground. When no object presents itself of the 
same height as the observer's eye, he should stoop or kneel, so as to 
reduce the height for which allowance has to be made. 

For levelling. Observe some object the same height as the eye, 
which coincides with in the clinometer. 

When the observation is made at a distance of more than 300 yards 
or so, the observer's height is so small in comparison with the distance, 
that it is hardly worth while to make any allowance for it. 

We will suppose that the preliminary triangulation has been exe- 
cuted, and the sketch so far completed as to show the roads, fences, 
and other details ; these objects will greatly assist the operation of 
hill sketching ; as the direction of watersheds, valleys, and other hill 
features can often be recognised with reference to them, without 
employing the compass. 

Supposing the sketch is to be made at the scale of 12 inches to a 
mQe, and the hills shown according to the normal scale of slopes which 
is given on the protractor, the vertical interval between the contou rs 
will then be 10 feet (page 21). 

A simple salient spur might be sketched thus. 
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Standing at A, the slope is observed with the clinometer to be 2**, 
in the direction of B. Referring to the table of distances on the pro- 
tractor, it is seen that, at that inclination, the next contonr, 10 feet 
below A, will occnr, 95 yards down the slope. 

The observer now paces to this point &, and marks the corresponding 
distance on his sketch, nsing either the scale of slopes on the protractor, 
or laying ofE 95 yards at the scale of 12 inches to M.* 

llie length of the pace mnst be sensibly reduced in measuring 
^down steep slopes, and increased in pacing up hill. 

At h the slope becomes steeper, and is observed 10°, The hori- 
zontal equivalent (19 yards) is paced forwards, and it being found 
that the slope continues constant for at least 57 yards, it will contain 
three contours, c, c?, e. 

At e the slope decreases to Z^y so that a further fall of 10 feet will 
occur in 63 yards at /. 

* It will be remarked that the horizontal equiyalent is the base, whereias tli« 
correspondiD^ distance measured on the ground is the hypothenuse. ■ The difference 
between the hypothenuse and base, howeyer, is so small at low gradients as to be 
inappreciable when the measurement is made by pacing. At lO*' of slope the differ- 
ence, for instance, is only 1^ yards in 100. 
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^ E^re it is noticed that the slope is constant as far as the 3tream, 
the posiidon of which is siipposed to haye been already drawn on the 
sketch. Being measured 4 , it is not necessary to pace the horizontal 
el^nlyalent, but merely to set. off on the sketch as many repetitions of 
48 yards as there is room for between / and the stream (in this case 
two, g and h). 

In describing these operations, the lines along which the measure- 
ments are made will be termed " section lines." 

Supposing that the slope on the section line AC is observed to be 
6°, for a distcuice jndged to be at least 300 yards ; points 6', c', &c., may 
be marked ofE ;32 yards apart, at the same levels as 5, c, &c., and the 
contours draw^i joining these points as represented. Likewise the 
slope of the ground on the section line AD being 8°, the contours 
are placed 24 ^ards apart at 6'', 6'\ Ac., and connected with those 
first determined. 

Again, if tne surveyor can by means of his instruments find points 
E and F (Fig. |35) on the same level as A, he can, by observing the 
slopes, set off other points belonging to contours 6, c, d, &c., and join 
them to these, with due regard to the form of the intermediate 
ground. 

In practice some difficulties will occur in applying this system, as 
iike slopes 'gradually^ merge one into the other, so that it cannot be said 
that a change qf slope commences £^t any particular spot. A little 
practice spon enables the surveyor to overcome this difficulty, but a 
beginner may do so mechanically by the use of his instrument. For 
instauce, sapposing the upper part of the slope (Fig. 36) to be observed 
2^, the tierizontal equivident of which is 95 yards; after advancing 
42 yards to 5, it is noticed that the slope becomes steeper (4®), the 
i^maining half r of the vertical interval between the contours belongs 
1^ this slope, the equivalent of whieh being 48 yards, the contour is= 
Inched by Srdvancing 24 yards. 

^ At c the slope is 8 , horizontal equivalent 24 yards, but on measnring 
to dl6 yards, or §rds of the distance, it changes to 3°, so that the 
contour is reached by measuring.r21 yards further (^rd of 64 yards). 
This is so troublesome a process, that it should be rarely undertaken. 
When the vertical interval between the contours is small (20 feet or 
so) it is easy to make allowance for any slight alteration of slope, in 
observing it with the clinometer. In fact, before actually observing 
a slope, one should first estimate roughly the distance in which the 
reqnired fall (whatever it may be) will occur. 

Fia. 36. 




SECTION 



60 



SKETCHIHG C0NTOUB3. 



Tliis is eaey when the slope is coacave in section, becanse all the 
saxi&oe is viBible, but when convex (Fig. 37) a small part only of the 
ground ac can be aeen. Even in this case, one may after a little prac- 
tice form a jnst conception of the approsimate position of the contonr, 
although unseen, and obseryo the Blope ab accordingly with sufficient 
accuracy. 

Pio. 37. 




Li the caae of an ontlying feature E (Fig. 38) rising in front of 
the surveyor, as he descends from the high ground A, On reaching 
contour e, he finds by the clinometer that (making due allowance for 
the height of his eye above the ground) this contour will strike the 
knoll at e' ; keepijtg his eye fixed on this point, he measures across to 
it, and also to e ', which he judges to be on the same level, and thenco 
resumes the observations necessary to place contours/, g, &c. 

It is usually better to follow the section hnes down than np ^hiU, 
because a larger view of the gronnd can be obtained, and the formation 
of the features more plainly obfierved. For the same reasons the 
section lines should as much as possible follow the watersheds of 




SKETCHING CONTOURS. 



61 



features whence a view is more or less obtainable on either side down 
to the watercourses which bound them. When the surveyor halts on 
a contour, he should generally hold his sketch in a position correspond- 
ing with the country (that is, with the section line on paper directed 
to correspond with the same line on the ground), and looking towards 
the high ground, he should trace the contour to his right and left a& 
far as it is in view. The beginner may require to search the ground in 
his vicinity with the clinometer, in order to recognise his level ; but he 
will soon learn to dispense with this assistance. 

Working down the section line ay (Fig. 39), after measuring the 
slope, laying down the horizontal equivalent, and pacing the corre- 
sponding distance to &, as described, the sketch is held at h, with the 
line ha directed towards a ; it is then seen that the level h crosses the 
section line ay obliquely, coming to it from the right front, turning 




on the watershed to the left, and doubling back in the watercourse 
about 150 yards to the left front. At c the contour crosses again 
obliquely, coming now from the left front, turning sharply near c, and 
running back towards h for some distance. The distances and direc- 
tions of these bends in the contours are, as a rule, merely estimated. 

In all hill sketching it will be found a good plan, before drawing 
the contours, to indicate the estimated position of the watercourses, 
which bound the feature (Fig. 39). These can usually be seen and 
their distance judged on either side from the watershed, they may 
be indicated hy a faint blue chalk line, to distinguish them from 
other detail. !l&ach contour will take its extreme inward bend on these 
lines. 

It may here be remarked that the distance of all hill features, up 
to 60 or 80 yards, should, as a rule, he judged when sketching ; it would 
be a waste of time to measure such details by pacing. Further, much 
time may be saved by impressing on the mind the space (according 
to scale) which such small distances will occupy on ^e sketch, and 
thus avoid frequent use of the protractor. 

When the features are very large (as in the chalk formation), and 
the position of the contour can be observed to right or left to a dis- 
tance of quarter of a mile or more, it may be worth while to take its 
direction with the compass occasionally ; its distance may be drawn by 
estimation, subject to correction as opportunity may occur. 

It has been remarked above that the section lines should follow the 
watersheds of features, as a rule ; but as these features seldom run in a 
straight line, it may be necessary to alter the direction of the section 
line from time to time, so as to follow them. In many cases the direc- 
tion can be referred to distant points^ which have been already laid 
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down in the sketch, and thns the necessity of observing it with the 
compass may be avoided. Thus (Fig. 40) — 



Fig. 40. 




The section line Ah is drawn a little to the right of a gronp of 
trees, which are recognised as laid down on the sketch during the 
earlier processes. At B it is found necessary to change direction to 
the right, the section line is produced towards c, a little to the left of a 
house in the distance. At C again the direction is altered to a line 
which runs nearly direct on the comer of a fence d, previously drawn* 
This system, though not very accurate, is sufficiently so for the pur- 
pose of tracing the direction of an imaginary line such as water- 
shed. 

In the foregoing description it is shown how the contours of &. 
single feature may be sketched. But if the sketch contains a number, 
of such features, and it is desired that the contours of each should, 
unite and be continuous, the surveyor must operate so as to commence 
surveying the contours of each feature at levels common to iihe 
others. 

For this purpose he may, on commencing the sketch, and whea- 
standing on his first contour, examine the ground with the clinometer,, 
to find one or two conspicuous objects within half a mile or so, at the- 
present level of his eye. For instance, commencing at A, he may find, 
that the eaves of the roof R and the foot of the tree T are on a levd 
with his eye. 

Fig. 41. 
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These points are registered in the margin as "reference points'* 
for fntnre nse. At any time in the coarse of the sketch, -whea A, T, 
or It happens to be in sight, he can, by obeerving it with the clino- 
meter, place himself at the original level, moving up or down hill, as 
may be required, until of the clinometer agrees with the observed 
reference point. He can then find his place on the sketch by inter- 
polation OP otherwise; and commence surveying the oontours above and 
below him, as described. 

When the hills are of considerable altitude, it may -be worth while 
to register other reference points at every 50 or 100 feet difference of 
level, so as to furnish the snrveyor with the means of placing himself 
on a known level, which may be at a more convenient height than that 
at which he commenced. For instance, supposing the position of the 
contours, to have been found on a section line at b, e, d, e (Fis. 11) on 
oommencing the sketch; when standing at e the clinometer suows the 
top of the chnrch spire to belong to this levelj this point, and also 
the tree e, might be registered as " reference points, by means of 
which the surveyor might place himself f^iu on contour e when in 
a distant part of the ground. 

In some localities* there may exist natnral levels common to the 
whole ground, snch as plateaux formed by the action of water, present- 
ing welt-defined hill crests, hnt little rounded by weather, and so nearly 
level as to fhmish a contour common to the whole district, and veiy 
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conveniently placed for finding the position of the lower contours 
(Fig. 42). It is of conrse necessary for the surveyor in the first place 
to satisfy himself by the clinometer that snch crest la really &irly 

Again, the gronnd may contain a lake or a slnggish river, proridiog 
a natural level from which the contours should be measured. 

A most nseful method of employing the clinometer is to determiao 
at one operation the difference of level between any two points, the 
distance between which is known. If for instance A and B (Fig. 43) 
have been accurately laid down in the sketch, and the vertical angle 
of B is observed 6° with the clinometer from A. Supposing the scale 
12 inches to a mile, the distance measured on the plau is found 
860 yards. Beferring to the horizontal equivalents, it is seen that at 
6° a difference of level of 10 feet occurs in every 32 yards, therefore 
B is above A ^ = 112-5 feet. 



■ Especiallj in the neighbourhood of the Bojal Uilibuj College. 
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Scale of horizontal equivalents for 10 feet, drawn 
at 12 inches to a mile. 

V = 191 yards. 4® = 48 yards. 7° = 27 yards. 
2° = 95 „ 6* = 88 „ 8' = 24 „ 

8° = €4 .. 6" = 32 „ 9° = 21 .. 



The necessity for even this amount of calculation may be avoided 
by applying the scale of horizontal equivalents to the drawing, and 
seeing how many contours at 6° would fit in the distance. Ci this 
instance the 11th contour falls a little shoi*t of A.* . 

This decides the number of contours, but their grouping will be 
arranged suitably to the steepness in different parts of the slope. 

If the slope is seen to be concave (or steepest near the top), the 
contours will there be grouped closer, as in the figure. 

It will be noticed that the accuracy of this system of determining 
the differences of level, depends on correct knowledge of the distance 
between the points. Should an opportunity occur of thus observing 
the vertical angle of the lowest from tJie highest part of the ground, 
or vice versd, the number of contours, according to the vertical interval 
which the sketch will contain is checked with certainty. 

When sketching in bad weather, this method is useful. The sur- 
veyor visits some of the most prominent features, finds his place by 
interpolation, marks the form as well as he can on the sketch, and 
writes on them the vertical angle which he observes towards some 
one central feature. If h^ has been able to draw the positions of the 
watercourses, he can finish up his sketch in contours with some accu- 
racy from these data, when he reaches shelter. 

For example (Fig. 44, I) part of a sketch executed on a very wet 
day gave sufficient data for II. 

Contours are merely a skeleton outline of the ground, the mini- 
mum of drawing, by which it can be represented. It will sometimes 
happen that an important feature lies between these levels untouched 
by them ; it must be sketched . in a dotted line to distinguish it from 
the contours (as x in Fig. 43), its exact height is not of importance. 

The art of hill sketching cannot be satisfactorily formulated. 
Nothing but experience will produce skill, and an hour or two in the 
company of an expert surveyor, will advance the student more than 
weeks of diligent ill-directed practice. The methods described are to 

* A rough estimate of the difference of level is made by regarding 6^ as equal to 
1 in 10 (page 20), so that B is above A 36 yards or 108 feet. The exact different 
is 113*56, found by employing 3*17 as the divisor (note, page 21). The number 112, 
arrived at in the usual manner, as explained above, is sufficiently accurate. 
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be regarded ae means to the end of edncating tlie eye and rendering it 
as far as posalble independent of instmments. 

MOTJNTilHS. 

In Bketcbing monntaina, somewhat different methods to the pK- 
ceding mnst be followed, as the natnre of the ground preclades mea> 
Burament bjr pacing. Great differences of level liere occnr in anull 
(m-t.) ■ 



66 BKRVmrSQ MOUNTi^mS. 

horizontal distances, so that the normal scale of horizontal equivalents 
suitable for expressing mancBuvring slopes would crowd the contours 
unnecessarily and inconveniently. A convenient vertical interval 
will be about twice as great as that on which the normal horizontal 
equivalents are based, e.g., at 6 inches to a mile, 40 feet vertical 
interval, 3 inches, 80 feet, &c. 

In arranging the triangnlation of a mountain district, the base is 
generally measured at the foot of the mountain ; but when, as is often 
the case, the slopes terminate in deep ravines, whence no view can be 
obtained, then a base must be found along one of the watersheds, 
where there will be probability of finding suitable ground. The 
highest and most sharply defined peaks wiU be fixed by intersection, 
but there may be difficulty even in recognising these from different 
points of view during the progress of the survey. 

If the position of one or two prominent peaks, such as B and D 
(PL III), have been fixed by triangnlation ; that of less important 
knolls, as G, E, can be interpolated by reference to them during the 
progress of the sketch. 

Supposing that the survey is to be made at the scale of 3 inches to 
a mile, and that it has been decided to show the ground by contours 
at 80 feet vertical intervals, the scale of horizontal equivalents will be 
as represented in ihe plate. 

The surveyor may have found his place at E, by reference to B 
and D. Observing the angle of elevation of D to be 10", it is seen by 
applying the horizontal equivalents to the plan that there is room for 
6 contours ; or the same conclusion is more accurately arrived at 
arithmetically by considering that the distance, 910 yards, contains 6*03 
of the horizontal equivalent at 10° (151 yards). Hence the differenca 
of level is 6*03 x 80 = 464 feet. 

Supposing the range of the hills DB to have been already sketched, 
the 6th contour below D will cut the summit of the hillock E. For 
the purpose of identifying the contours it is as well to number them. 
Thus, if the highest contour about D were called No. 20, that at E 
would be numbered 14. 

The general slope observed from E to the bottom of the valley 
towards D being 35°, there is room for 6 contours. The general slopo 
to the bottom of the ravine towards H being 17°, the contours are 
placed at an average distance of 87 yards apart, in this direction ; notice 
being taken of a rocky hillock about half way down. 

The direction of an inaccessible pinnacle H might be laid down, 
also that of a conspicuous point F m the bottom of the ravine, with 
the view of subsequently determining their places. 

Proceeding now to G the observer's place might be interpolated 
again from D and B. The lines previously drawn towards H and F 
might be intersected as shown, and their positions determined. 

The height of G and the contour to which it belongs might be 
found by observing the elevation of E or D, with the clinometer as 
before. Then the angles of depression of F and H show the contoura 
to which they belong, and enable all the intermediate ground to be 
sketched at sight, the ravine being seen to pass close under H, and 
there fall into the main valley. 

Any remarkable feature such as a cliff which may lie between tvoo 
contours must be indicated by a few touches as shown in the plan. 
The rocky nature of the ground can be shown by the jagged drawiag^ 
of the contours. 

The general plan of mountain features is best defined by the wate* 
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courses whicb separate them ; the direction of these watercourses can 
generally be observed from the surrounding ridges without descending 
the mountains ; sometimes their direction can bo well observed from 
the opposite side of the valley, as for instance, the watercourse to the 
left of B (Plate III) from the point where the sketch was taken. 

It would be needless further to describe the system, which is capa* 
ble of many modifications according to circumstances. 

The aneroid barometer may be found useful in sketching monn- 
tains during settled weather, when no great fluctuations of atmo- 
spheric pressure are to be expected. In the Himalayas especially the 
pressure is so constant that very fair results may be obtained with it. 

Mountain aneroid barometers are compensated for temperature, 
and are furnished with a scale of heights in feet corresponding to the 
alteration in atmospheric pressure. 

A difEerence of ^tli of an inch in the reading of the aneroid, indi- 
cates nearly 100 feet difference of level (more or less according to the 
height above the sea) as will be seen by, the following : — 

r indicates 100 ftet 
\ difference of level. 

»> 

5> 
» 

The aneroid may be depended upon when the two readings can 
be taken within such a short time of each other, that the instrument is 
not likely to have been affected by the changes of pressure. A gust of 
wind will alter the position of the pointer sensibly. 

If on returning to the place where the first reading of the barometer 
was taken, the observer finds that an alteration has occurred in the 
pressure meantime, and that the reading is different, he may correct 
the altitudes in proportion to the alteration and the time that has 
elapsed, assuming that the change in pressure has been constant. 

With an ordinary aneroid and the above table an approximation 
may be arrived at ; a variety of corrections have to be applied in the 
accurate determination of heights by the mercurial barometer described 
further on. 
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SECTION IX. 

SeETCHINO without iKSTBUMBKTa. 

Any one who has practised plane table sketcHtig will find no diffi- 
culty in employing the same system when totally unprovided with 
jnstraments, a condition of things very probable in the exigencies of 

active service. 

The system of triangulating and of traversing independent of the 
compass, as already described (Sees. IV and VII), will have to be pnr- 
sued, but the legs of the plane table will be dispensed with, and the sketch 
merely laid on the ground as level as possible. The lid of a box with 
the paper fastened on it, will answer the pnrpose as well as anything 
else. A straight-edged piece of wood must be nsed instead of the 
sighted ruler. A scale of equal parts, to represent hundreds of yards, 
may be drawn on the edge of a card for laying down the distances, 
the same scale being also drawn on the sketch. Its representative 
fraction may afterwards be found at any time that a foot mlo ae 
scale of inches is available (example, page 11). 

The alignment of the ruler on the distant object may be effected 
by standing slightly behind the board on which it is laid, and holding 
the pencil near the eje in the same vertical plane as the distant point. 
Fig. 45. 

f IS. 45. 




Notice then whether the ruler corresponds also with the pencil, and 
alter its direction, if required, until it does so. This is both a more 
accurate and convenient method than endeavouring to look along the 
straight edge itself, which would necessitate kneeling or stooping. 
Greater accuracy may be obtained by using a piece of string instead 
of the pencil. 

The ends of the base must be mntually visible from one 
another. Lay the board on the ground at one end of the base, 
and draw the lines with the ruler in the direction of the other, and of 
the TariooB objects which are to be fixed by intersection. The point 
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on the paper from which these lines are drawn must be placed so that 
the sketch will contain the whole of the ground. 

Now measure the base by pacing, and set it off to scale. At 
the other end lay the ruler on the line, and shift the whole board 
until the ruler is directed on the first point, thus " setting " 
it to correspond with the ground. Take up the ruler, direct it suc- 
cessively on the objects which were previously observed, and mark 
the points of intersection of the relative lines, determining their 
position. Care must be taken that the board remains unmoved during 
this process. 

In traversing, the sketch is laid on the ground at any convenient 
station, which has been fixed as described, **set" by reference to 
another station, and the first traverse line drawn in the required 
direction with the ruler. 

Befpre leaving the spot, all surrounding detail is drawn to scale. 

After traversing up to the point where a change of direction has to 
be made, the board is " set " by reference to the starting point or line 
which has just been traversed ; the next forward direction drawn, and 
so on, until the traverse can be "closed *' on a convenient station, and 
a fi^sh departure taken. 

When distant points which have been fixed by triangulation are 
visible, the board should always be " set " by them instead of by the 
last traverse line, as just described. The edge of the ruler should 
be laid to correspond with the distant point on paper and the sur- 
veyor's place, and the board should then be turned so as to direct the 
ruler on the same distant point in the country. 

The processes are precisely those described in reference to the plane 
table, but greater judgment must be used in arranging the work in the 
absence of a compass ; this will especially be felt when it becomes 
necessary to sketch narrow lanes, or to follow a road through a wood, 
or in any ground when the view is restricted. 

The principal rule to bear in mind in arranging the work is to make 
the operations as large as possible, that is to say, to use none but long 
traverse lines, and, if necessary, long offsets, in preference to changing 
the direction of the traverse line in order to sketch detail. 

Secondary offsets will often have to be measured perpendicular to 
the principal offsets. Thus : 
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To sketch a road winding through cultivated ground ; greater 
general accuracy would be obtained by traversing a line some« 
what parallel to it across country, and finding the deviation 
of the road by offsets, than by attempting to traverse along the road 
itself. If the sun is shining, one may sometimes sketch detail in 
cramped ground by its help; before leaving the open ground 
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" set " tite board by the known po!nte as described, Btiok a pin firmly 
in it and draw a pencil line along the shadow. Then in deep Iwies or 
woods one mav " set " the board by placing it io that the shadow falls 
again on the line. This ia of coarse not anited for accurate work, and 
will only be approximately tme for a qnarter of an honr or so after the 
shadow is first drawn.* 

In rapid sketching of roads there may not be tame to follow tliedr 
fiinnositieB systematiraJly, bnt by paying attention to the proper points, 
the general direction may be represented correctly enongh. Thoa-; 




In looking along the winding road from A (Fig. 47), its general direc- 
tion wonld be drawn towards the point b, where it disappears ronnd the 
hill, and tho windings estimated thns. e is jndged 150 yards from 
A, and the length of an imaginary offiet (or distance of tho road to 
t^e right of the stru'gbt line) 20 yards ; at d, estimated as 250 yards, 
the straight line wonld tonch the road; e, 350 yards, is jndged to be 
30 yards to the right; /, jndged 500 yards distant, and 30 to the left; 
h, 600 yards. 

From these estimated data the read wonld be drawn in pUuu 
ThuBi 

Fw. 18. 




Tho deviations of the road appearing mnch greater than they 
nally are. 

* la India, wliere the continnftnce of BUDBhine maj be depended on, it ia on*- 
toniary to oonetruct a mail dial on the sketch, auitable to the time of yeaz, ihomne 
the direetJon of the ihodow of a Terticsl pin for erery hour of the day. Then the 
•nrreyor oan, I7 the ud of a -natch, " eet'^the plana table doting the prograw at 
the work, hj rerolring it until the ihadoir falls in the direction nurknd on the disl 
M due to the hour. 
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The place may be found by interpolation, without instruments, 
as explained with the plane table, independent of the compaas ; but 
ia practice these problems will seldom be employed, as requiring too 
jBUch ari^angement and time. 

The accuracy to be obtained in properly managed sketching with- 
out instruments leaves nothing to be desired, but it is not so rapid 
aS) and requires more forethought than, compass sketching. 

The trae north may be shown approximately by "setting" the 
sketch on the ground, and drawing a line coinciding with the shadow 
of a plumb-line at noon ; the accuracy of this depends on the time of 
the year, the sun being generally within a few degrees of true south 
at noon, mean time. 

In sketching hills, attention is to be chiefly paid to the position, 
slope, and direction of the watersheds and watercourses ; these alone, 
if shown on the sketch, will give a fair idea of the configuration of the 
faatures. 

Previous practice with instruments will have enabled the survejor 
to judge the degree of slope at sight. A scale of horizontal equivalents 
should be drawn on the sketch, suitable to the proposed vertical 
iuterval (page 20), and the contours should be sketched by eye as 
nearly as possible at the equidistance appropriate to the slope, asdbown 
on this scale. 

After very little practice slopes can be judged correctly within 1®. 
The steeper the slope the more difficult to estimate correctly. 

GiSNEEAL BBUABES OS BkwTOBTIXQ. 

A beginner can only perform one of the operations of sketching at 
a time, and is obliged to divide the performance of a sketch into 
separate operations ; first, the measurement of base and fixing of 
stations by triangalation ; next, traversing the roads and sketching the 
detail ; and lastly, sketching the hill features. After some experience 
he can combine these operations, so that no part of the ground need 
be revisited. 

On commencing a sketch, at a spot which commands an extensive 
view ; the direction of a few prominent distant points, such as houses, 
groups of trees, 4pc., will be laid down, whether by compass or plane 
t&ble ; the names of these objects are written on their respective lines 
near the margin of the paper. Instead of measuring a base and inter- 
secting these lines from the other end, the surveyor proceeds at once 
with the traversing (selecting his traverse lines with judgment so 
that they may be as long as possible). When he arrives at a spot 
whence a good intersection of one of the distant points can be obtained, 
he determines its position by observation and intersection. 

Thus the operations of sketching the detail close at hand, and of 
fixing distant points, are carried on simultaneously by what mav be 
termed a " running triangulation." ^ 

It will be seen that this system must be followed with great care and 
judgmetnt, as there is no meaiis of checking the accuracy of the work 
HI its earlier stages, and any error will be carried on and pervade the 
sketch ; in fact, it is only suitable for a person who does not make 
mistakes. If the earlier part of the sketch be carefully executed, a 
number of useful points are secured, by reference to which later on 
its accuracy can be checked. 

Simultaneously with the execmtion of this running triangulation 
ilM ietttures of the ground must be-stadied and sketched. The ad* 



72 6ENEBAL BEMABKS ON SKETCHING. 

yaniage of the system of " reference points " is now found. Having, 
on first commencing the sketch, registered one or more of these, as 
described, the surveyor is enabled, by means of his clinometer, to place 
himself on a contour at any time, and to sketch the feature on which 
he may be, with the knowledge that its contours can be joined with 
truth to those of adjoining features. 

Time may be so limited that all possible in the way of hill-sketching^ 
would be the indication, by a few touches, of the general position of 
the principal features. By means of these indications and a good 
memory, the surveyor should be able to produce a faithful representa- 
tion of his recollection of the ground, its steepness being graphically 
expressed by contours placed according to the scale of slopes shown 
on the sketch. Should time admit, he can further^ develop the hill 
forms by lead and a piece of leather (a glove will do) in a few minutes. 

When the sketch is to be finished out of doors, the detail and 
contours should be drawn with a very hard pencil before the shading 
is commenced ; the latter can then be applied in the usual manner, 
without obliterating the drawing. The contours may be finally shown 
with a red pencil, if red ink or colour be not available. 

Green or blue chalk scraped from a pencil can be used in the field 
in imitation of a flat wash of water-colour, rubbing it in with clean 
chamois leather in the same manner as the hill shading. 

In case of rain the sketch should be carried face downwards and 
exposed as little as possible. India-rubber or eraser must on no 
account be used on wet paper ; its saturation is of little consequence, 
as after being dried gradually, it recovers its texture ; and the sketch, 
though having been apparently hopelessly destroyed, can be finished 
up as if it had never been wet. 

In traversing across undulating ground, one is liable to lose sight 
of the point on which one is pacing, when descending into hollows of 
the ground. Foreseeing this, it is necessary to look for some object, 
such as a tuft of grass, or a bush, on the alignmpnt, so situated that it will 
remain in view, whereby to preserve the direction of the traverse line. 

When a traverse line crosses a stream, deep railway cutting, nullah, 
or anything narrow that interferes with measurement, the distance 
to the further side should be judged, and the pacing resumed there ; 
this is better than attempting to measure it by pacing. 

Much depends on the true estimation of a perpendicular. When an 
obstacle, such as gorze or marsh, occurs on the traverse line or base, 
the best way of avoiding it, is to measure a perpendicular ofiset or, so 

Fig. 49. 




as to clear the obstacle ; continue the measurement on h, perpendicular 
to a (that is, parallel to the traverse line), until the obstacle is passed ; 
then return to the line by another perpendicular c, equal to a, and 
resume the pacing at d. 

Examples, 

(1.) 

A stream rises in the centre of tbe sketch and flows for 525 yards 
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in the direction 250** 30' ; liere it joins the sea. The fall of the stream 
is nniformly 1 in 20. 

The general direction of the sea coast is north and south. 

From the source of the stream the bearings of two hills A and 
B are observed 354° and 207° 30' ; from the mouth of the stream A 
bears 42°, B, 98°. 

A is 150 feet above the sea. 

At B the angle of depression to the mouth of the stream was 
observed 5°. 

Sketch the ground. Scale, 12 inches to a mile. Contours, 10 feet 
intervals. 



(2.) 

An island contains three hills, A, B, and C. From the top of A the 
angle of elevation of B is 2°, bearing 179°, distance 780 yards. The 
angle of depression of the col which connects A and B is 3° ; its dis- 
tance from A 300 yards. 

Interpolate the position of C. The bearing of A being 75°, of B 
138°. At C the angle of elevation of A is observed 4°. 

The sea is 200 yards west of C, and 65 feet below it. 
„ 320 yards north and 370 east of A. 
„ 260 „ south and 450 east of B. 

Draw the island in contours at 20 feet vertical interval. Scale, 
6 inches to a mile. 



(3.) 

Lay down the following triangulation : — Scale, yg'^. Base, AB 
790 yards long. 

At A, bearing of B, 358n ^^ j, ^^ ^^ j.^ 346» 30'. 

^^ ^JJo Ut „ G, 345° j 



» » 

F, 250^ 



At B, heJLg of C, 239° 1 j,^^^^ x. 

D, 126° 30' J " ^'^^"^ J 

The points G, X, F, A, D, are on the coast line. 

C, B, E are the summits of hills respectively, 115, 135, and 154 feet 
above the sea. 

D is a point on a cliff, 40 feet high. 

The lowest part of the ground on the line CB is 45 feet ; here a 
stream commences, which flows into the sea at A. 

The lowest part of the ground on the line BE is 106 feet. Sketch 
the ground in 12 feet contours. 



(4.) 

Draw the following : — Scale, 5 feet to a mile ; contours, 4 feet. A 
railway cutting, length 120 yards; width of roadway 15 yards; 
gradient of the line, 1 in 30. 

Slope of one side of the cutting 15°, its top 20 feet above the line. 

The gradient of the other side 1 in 6, its height 25 feet. 

What is the width of the cutting ? 
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SECTION X. 

BrBADnia CoNToCRXD Plans. 

When the altitadea are figared in a contoured plan, no miacoiicop- 
iaon csn arise as to the meaning in any part ; otherwise it is by the 
existence of water that one is gnided in distingnishing between water- 
sheds and watercourses in sauh features as those in Plate 17. 

Therefore, the lowest part of the conntrj represented should first 
be recognised, nsnallj occnpied by the largest body of rnnnii^ water 
(the W). Then the tribntary streams, IT, T, are traced npwards. 
Also the watercourses Y, &, H, where the contonra take a re-e&taring 
bend. 

Next, the watersheds occupying the ground between the water- 
coorses, here the contours take a salient or outward bend. The 
featnres which it is most important to recognise on watersheds are the 
cols which show the connection of feafcores with each other, D, L, M, 
S,Q. 

In comparing the relatiye heights of bills, either count the eontoors 
from the col which connects them — for instance, Q- is three contoais 
more than P above the col M — or if more convenient, count tbe 
numbers from the intervening waterconrse. Thns, A is three con- 
tours more than G above the watercourse HH. 

The number is of course not the number of cotUovt lines, but of 
intervals between them, so that the first contour most be called 
0, not I. 

The difierenoe of level is found by multiplying the vertical interval 
between the contours by their number. Thus, sapposing the oontoorB 
in the diagram to be 20 feet vertical, A will be 60 feet above Cr and 
240 feet above E. 

To determine whether a point is visible from another point, as Q 
from E. If a section on this line be drawn, it will be seen that the8» 
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points are mutually visible, because the general secUim of the ground 
betaeen them is eoncaiie. Bat this fact can be recognised on the plan 
ftt a glance, because the contours are closer at the top than at the 
bottom of the hill. By the same reasoning, when the contoum ore 
closer at the bottom of a slope than at the top, as in the line KI, the 
section of the ground must be generally convex, and the points 
mutually invisible from one another. 
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A qnestion of the yisibilitj of points f i*oin one another then resolves 
itself into one of the general concavity or convexity of the intervening 
ground. This can of conrse be determined by drawing a section, but 
there should be no necessity for employing so clumsy a process, the 
question can be settled by inspection of the plan in most cases. 

The opposite sides of hills, separated by a valley as G and A, or P 
and N, are mutually visible each from each, but when another hill 
intervenes (as P in the line NO) the consideration is, whether its 
elevation is sufficient to intercept the line of sight, or in other words, 
to make the section convex. 

On examining the plan it is seen that O and P are the same height, 
but N is three contours below P, so that the general form of the 
section must be convex. Hence it is seen that troops might march 
from village B by the cross roads near O, and across the intervening 
valley as far as P, without being visible from N". 

Ex. I. Could a battery at a (near A) bring fire to bear on N. Join- 
ing these points by a line, it is seen that the ground about the col L 
might intercept the view. But this is only one contour higher than 
N in about 4 inches on the plan, whilst a is eight contours above the 
col in about 3 inches, or nearly three contours in 1 inch. Hence aL 
is steeper than LN, and the section concave, so that N would be within 
view. The solution of a question of this sort can usually be arrived 
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at by estimating the distances in inches, and counting the contours as 
above, though problems may occur requiring more exact measure- 
ment. 

Ex. II. Would the churchyard, village Z, bounder fire of a battery 
at G. The point j? is in question, as likely to intervene. 

The slope Qp is 4 contours in about 4 inches, or 1 in 1. 

p to the churcli is 5 contours in about 2 inches, or more than 2 
in 1. 

Hence the section is convex, and the churchyard not under direct 
fire. 
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Ex. III. Could a picquet he posted in the fields immediately east of 
N, nnseen by an enemy's vedette at G. 

The ground nn east of N falls about 1 contour in half an inch. 
GN falls 6 contours in about 6 inches ; less steep than nn. Therefore 
the picquet would be unseen. 

In the foregoing examples of deciding on the mere visibility of 
points, neither the scale of the plan nor the vertical interval between 
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tHe contours need be taken into consideration. But these form the 
basis of calculation in determination of actual heights. 

Ex. IV. For example, supposing the weathercock of Z church to be 
just visible from G, what is the height of the church P Supposing 
the scale of the plan, 4 inches to a mile, and the contours 40 feet 
vertical interval. The slope Gy is 4 contours, or 160 feet, in 1120 
yards. The distance from G- to the church is 1624 yards, therefore 
the weathercock is below G. 1120 : 1520 : : 160 : 217 feet. 

The base of the church is below G nearly 9 contours, or 360 feet. 

The difference between these is the height of the church, 143 feet. 

Fig. 53. 
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Ex. V. The enemy's outposts occupy the whole of the ground east 
of river U. It is required to march a picquet from the south by the 
road X, to occupy the farm at L unobserved. At what point would it 
be necessary to leave the road, and what would be the best route 
thence to L ? 

Examination of the plan will show that the first place where the 
road would become visible is about a, and that there is only one spot 
T in the enemy's possession, whence this can be seen. 

Leave the road a little to the south of aj, and keep to the west of 
the knolls at 0. 

The northern slopes of G must be visible to the enemy over the 
col L. Therefore it would be necessary to move direct towards H, 
whence the road leading towards L might be followed. 

In the preceding cases it is assumed that the contours are strictly 
accurate. No certain deductions could of course be drawn from mere 
sketches having no pretensions to a high degree of accuracy. In the 
new English Ordnance Survey maps, the contours shown at 100 feet 
intervals, though perfectly accurate, are not close enough for tactical 
guidance, the distribution of outposts, &c. Nor would the civil maps of 
any country serve as perfect military plans in this respect, however 
suitable for strategical purposes. 

Questions with reference to Plate IV, 

1. Plan scale, Tui^ui 25 feet contours. State the steepest gradient 
of the road between X and x, 

2. The plan scale being 5 inches to a mile, and the contours 
being placed according to the normal scale of slopes. 

(a.) What is the difference of level between A and N ? 
(/>.) State the angle of depression of N below A. 

3. Would any part of the road between the villages of and Z 
be visible from K ? 

4. Can the whole or any part of the road Xx be seen from A P 

5. Would a person walking in a straight line towards P, from the 

farm in the S.E. comer of the plan, be within view of the 
former point throughout ? 
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6. The outposts of an army which is operating north of the plan 
are posted in the skirts of the Forest of Ardennes. The enem j 
south of the river W is expected to move northwards by the 
roads shown. 

Two vedettes are to be posted in observation of these roads, 
and within view of each other. Not to advance farther than 
half a mile from the forest. 

Plan scale, 4 inches to a mile. 

Indicate suitable posts for them. 

7. What horizon is visible from N, and how could troops be moved 
from the south to the north within the limits of the plan, 
without being seen by an observer at N P 
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SECTION XL 

KicosnrAissANCE. 

Reconnaissanco is the process of obtaining and recording informa- 
tion concerning the movements, number, and disposition of an enemy ; 
the nature and resources of the country, especially its communications 
or facilities for the movement of troops. In fact, every thinw that 
affects the combinations which a general may seek to carry out. 
Knowledge of his intentions and of the necessities of the troops indi- 
cate the points which should be made prominent in any reconnais- 
sance. 

As a rule, the outpost and cavalry duty of an enemy is so vigi- 
lantly performed, that there will be no possibility, when in his imme- 
diate vicinity, of observing anything of his dispositions, short of 
making an attack in sufficient force to thrust back his outposts and 
oblige him to reveal his strength. Details concerning such " recon- 
naissances in force " wonld be foreign to the present subject. 

Specially appointed officers will be always on the alert to avail 
themselves of any opportunity of gaining intelligence, and such 
officers must possess clear judgment, presence of mind, experience, 
readiness of hand, and good memory. Rapidity and accuracy in 
sketching and taking notes are indispensable ; in warfare there will 
be a consciousness of liability to surprise by the enemy's light cavalry, 
even though his main body may not be within several days* march • 
that will suggest the necessity of speed combined with coolness and 
judgment. 

Under such circumstances the work will usually be done in the 
saddle ; for instruction the beginner will have to sketch on foot until 
he has acquired facility of execution and knowledge of the points to 
which he should direct his attention. 

Every officer should be able to give clear information by sketch 
and report concerning the ground in the vicinity of his outpost, as a 
guide to the posting of picquets, movements of patrols, &c. Also to 
execute a sketch of 10 or 12 miles of road in anticipation of a march 
to take place the following day. 

To sketch quickly and accurately it is necessary to be a good judge 
both of distance and direction, also to be accustomed to the represen- 
tation of objects in plan. To report intelligently requires some 
knowledge of the practical application of field fortification ; ability to 
recognise the points which constitute defensibility in villao-es, farm- 
steads, or other posts : acquaintance also with the capabilities of the 
three arms, their rate of march, and tho space they will occupy in 
route, and in camp, or bivouac. 

If the officer can speak the language of the country, so much the 
better, otherwise he must be hampered with an interpreter. Under 
any circumstances, much of the information must be obtained by 
questioning ; and great tact, good humour and firmness are required 
in this. It may be even necessary in a hostile country to resort to 
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intimidation, but little dependence is to be placed on intelligence ao 
extorted. The inhabitants would natnrallj endeavour to mislead the 
reconn6itring officer ; they would assert that the roads in the yicinitj of 
their village were impracticable, to prevent troops being billeted upon 
them ; conceal the existence of fords in a neighbouring river, aad 
exaggerate the difficulties of the surrounding country. 

Sames of places should be written phonetically as pronounced by 
the inhabitants, in addition to their speUing as given in the maps of 
the country. 

Complete information as to any locality can only be given partly 
by written description and partly by a sketch. The rule in compiling 
these is, that the same information should not be repeated or given in 
both, but each should be the supplement of the other. The superior 
officer must not be called upon to read unnecessary or irrelevant 
matter. Yery legible writing is essential ; for on service these reports 
would often have to be read at night, and perhaps by the light of a 
stable lamp. 

Investigations and reports should be governed solely by the object 
with which the reconnaissance is undertaken, so tluit information 
relevant in one case may be superfluous and useless in another. For 
instance, in following up a retiring enemy, information as to positions 
for an advanced guard would be useless. 

Or an officer charged with reporting on the facilities for making an 
immediate advance by a column provided with cooked rations, would 
not be thanked for sending in a return of the number of sheep, oxen, 
&c., to be found in the farms adjoining the road, though in this case 
watering places should be reported on. 

On the other hand, the supplies to be drawn from a district might 
be one of the chief considerations, when a large force is moving 
through it. 

The headings in the authorised form of report will therefore be 
filled up or left blank as the circumstances of the case may require. 

The reconnaissance of roads is more frequently made with a view 
to the movement than to the maintenance of troops, and therefore 
tactical rather than statistical information is required. With this 
object two forms of report are adopted, the second (for supplies and 
statistics) only to be filled up and attached to the other when such in- 
formation is specially called for. 

In framing reports, the ability and judgment of an officer are 
shown as much in what he omits as in what he writes. It requires more 
thought and care to compose terse and well condensed, than lengthy 
diffuse reports. 

The existing maps of the country are sufficient guide to the general 
dispositions for a campaign, concentration of troops, and other 
strategical combinations ; but further and more particular informa- 
tion than these can furnish is required for the minor operations of 
war. A sign-post, a heap of stoneS; &c., may be important indications 
by which to describe the identity of a cross road ; a slight and un- 
noticed fold of the ground may give cover to a battalion. 



The Sketch. 

Road and river sketches are usually executed at the scale of 2 or 3 
indies to a mile ; positions 4 to 6 inches to a mile. 

The sketcb should contain as much as can be shown without con* 
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insing or overcrowding it. Bemarks shonld nsnally be made in tlie 
margin, clear of the sketch, and connected with the object to which 
they refer by a light line, as shown in the example. 

The sketch of a road will be commenced at the bottom of tbe 
paper, and carried upwards in the order of the march. Where (as 
will generally be the case) tbe sketch takes the form of a loDg narrow 
strip, tbe meridian lines must be arranged diagonally on the paper, 
if necessary, so that tbe road may occupy the centre of the sketch 
sheet, and that no cutting and piecing of it shall be required to fit 
the sketch together. 

The minimum of drawing is to be done in the field ; a single line 
will be sufficient to sbow the road, the sketch may be afterwards 
finished up as highly as time will permit. A red and blue chalk pencil 
will be found very useful to distinguish houses and water in the field. 
An officer who has been accustomed to sketching at the usual large 
scales, will on commencing sketching at 2 or 3 inches to a mile, lose 
time in trying to represent too much. At such small scales very little 
detail can be shown, every house in a town or village cannot be drsLWD, ; 
it is only necessary to distinguish such buildings as manufactories, 
jails, or churches, to show the side streets correctly, and afterwards to 
fill up the intervals with the conventional sign for buildings. 

In a closely fenced country like England, it is allowable to gene- 
ralise details of fences in the less important parts of a road, and 
merely to represent enclosed fields of the average size according to 
scale. In sketching ground likely to be defensively occupied however, 
the fences must be surveyed with accuracy. 

Lines may be drawn in the direction of important places some 
miles distant ; the names of the places being written on these lines, 
their position and distance may be known by judging where the point 
of intersection would occur (vide Plate VI). 

The surveyor seldom leaves the main road, except it be to follow 
a cross road for a short distance in order to examine a bridge or ford 
by which it passes a stream. As much of the country on either side 
as is visible from the road itself (generally about half a mile) is 
sketched. 

Distant buildings, woods, &c., are placed in the sketch by esti- 
mating their distance as soon as they are perpendicular to the traverse 
line. 

The general direction of transverse roads is usually merely referred 
to that of the traverse line ; but when the direction of such a road 
can be seen for a considerable distance (half a mile or so), it should 
be observed with the compass. 

In sketching a winding road, it will generally be sufficient to take 
the bearing of the longer reaches, and to draw the direction of the 
intermediate portions by eye. If the cavalry sketching case be used, 
the direction is so quickly observed, that every bend in the road may 
be laid down by compass. 

Attention must not only be paid to that which is near, the general 
lie of the country must be noticed. The position of streams may 
be known by the willows, &c., growing on the banks ; the direction of 
the fiow of surface water through culverts, shown by the lie of weeds 
at the bottom, will be mentally noted as an indication of the general 
fall of the ground when nearly level. 

In representing hills at such small scales as 2 or 3 inches to a 
mile, it will be convenient to use a scale of slopes somewhat closer 
than the normal scale (page 21). 
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Boads cannot be represented of their proper width at such small 
scales, but should be drawn as narrow as possible. 

It would be unnecessary to attempt showing contours at levels 
common to the whole of the ground. No great accuracy is required 
in the representation of the minor features, and it will be sufficient if 
a correct idea of the general form and position of the important 
features be given by contours which need not be produced to meet 
those which represent adjacent features. 

The scale of slopes should be drawn on the sketch to guide the 
eye in placing contours at the distance due to the estimated slope. 

When sketching roads, a mounted officer will measure distances 
by counting the paces of his horse, the average length of these paces 
having been previously found by experiment over a measured dis- 
tance of 300 or 400 yards, or between two milestones. In trotting, 
the number of times the rider rises in the saddle should be counted. 
Scales suitable to the horse's paces should be drawn on the edge of a 
card for use in the field, or marked off on the edge of the ruler of the 
cavalry sketching case. They should also be marked on the sketch 
itself, so that a fresh scale may be prepared in case of losing the 
original. A scale of yards is also required for laying off estimated or 
paced distances. 

The Government maps of any civilised country will be found most 
useful as a general guide to the route ' which is to be reconnoitred ; 
but these being on a small scale, cannot show the distinction between 
roads of different constructions and widths ; nor their present condi- 
tion as affected by the season and the passage of armies ; the passa- 
bility of fords ; recent alterations, and so forth. 

Should there be occasion to illustrate the description of any object 
of great importance, a small freehand sketch may be made in the 
margin of the survey opposite the place. Such a drawing might be 
made, for instance, of a cart shed on the road side, where a footpath 
leads to a ford or foot bridge. This drawing might enable the point 
to be recognised at once, when its identification by means of the plan 
might cause delay. Or the distant view of a remarkable clump of 
trees or church spire might assist the superior officer in recognising 
the locality on his arrival. On no account should objects be sketched 
because of their pictorial effectiveness, or merely to show the skill of 
the draughtsman; there should always be good reason for adding 
them to the survey. 

A landscape sketch is often the only means by which the appearance 
of the enemy's position can be represented, as for instance when an 
officer succeeds in getting within view of it, but cannot attempt in- 
strumental observations or measurements of any kind. In these 
sketches prominence should be given to objects which are likely to 
play an important part in the attack or defence of the position: 
villages, farms, roads, artillery positions, streams. The sketch should 
be as much as possible in outline, and nothing should be exaggerated 
or misplaced (Plate V). 

The point of the compass from whence any landscape sketch of an 
object was taken should be stated, also the distance. 

Should there be no room in the margin of the survey, the drawing 
may be attached to its edge, opposite the place. 

"When there is time to clean and finish the sketch before handing 
it in, it is advisable to ink it, because then it can be cleaned up as it 
is drawn, without the danger of obliterating any detail. Finishing in 
pencil requires more care on this account. 

(m. t.) f 



82 



ROAD RSPOKTS, HBADIKGB. 



The T«to of worldly will Tttry affeatimg to tbe nBtitTe -of' the 
coiuiti^. In general an experienoed flkfltcher can do 1^ to 2 lu'Hts 
Itn faonr an foot, or 3 on horBebaclc. The chief adTSntAgsB he 
dmiTM from being mounted (apart from considerations of aeeavity 
Whenon-OrOtiTe serrice) sretliat he nm see over hedges, Ac., and oh- 
toin a ntDuh better idea of the Bmronndlng oonntry. He will nab 
herniate to trot down aide roads oocAsionally, gain information as -to 
railways, rivers, positions, &a., and gallop back to the main toad. On 
fioot he wonld probably have time only to sketoh the main road and 
what he can see from it. He has the means of retnraing to camp 
and handing in hie skelich, of perhaps 10 or 12 miles of road, the 
Ritme evening. Details ea to 'sketching on horseback will be foniLS 
further on. 



Information eu to Roadg to he given under the different ita^m^i. 

1. The roadway, metalled or not. Width of metalled ;_ 
Uetal or material for repairs, where available. Present condition, 
whether level or hilly, the steepest gradients to be stated in the latter 
case. Details as to any part that constitutes a defile, «aoh ■mb hollow 
ways or village streets. Nature of the fences by which bonnded. 

2. The bridges over which the road passes to be minutely described ; 
iriiether strong enough to bear guns. Material, whether of brisk, 
stone, iron, or wood. Breadth and length of the bridge. Nnmborof 
arches and their form ; span. Height of roadway above the wslei. 
Thickness of piers. When there is no time for aocnrate measaremient, 
the dimensions may be taken bypacing and estimation. Measoremenfs 
may be written thns : feet, as 14' ; inches, es 30". Fords alongside 
the bridge. 

The various parts of bridges are to be described by their c 




Iron bridges, length, breadth, height. Whether piers and abnt- 
mcnts are of masonry or iron. Girders, whether lattice or wtonghlv 
or cast iron. 

3. Anything that may tend to retard the nsnal rate of marching, 
xnch as the steepness of mountain roads, broken places, rocky passes, 
deep mire, heavy sand. In every case the probable rate of marchiag 
to be given. 

4. Towns and villages. Material of the honsee, infiammable or 
otherwise. Whether the streeto are paved or not. Defensibility. If 
commanded from neighbouring heights. Materials for bairieadi^ 
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a^d for making abatiis. Whethor entreualuDg iools are available in 
any qnantifcy. l^ame tke principal large buildings, sach as the chnrcb« 
townbaU, exchange, <&c., suitable for nse as temporary barracks, hos- 
pitals, or magazines ; also whether they are capable of defence, and 
how tiiej are situated with ref er^ice to the approaches to the town 
(if iihis point is not dearly shown by the sketch). 

5. Water to be found near the soad fit for dnnking, or for watering 
horses. 

HTliether there a^e conyeniences for watering a number of horses 
at a time. 

6. The country. Whether the ground is rough and broken, or the 
contrary. Whether marshy or dry, wooded or open. The general 
nature of the fences, whether banks, walls, hedges, &c. Character of 
the cultivation, whether the'Tiew is generally much restricted by 
hedge timber and woods. Whether movement across country or 
parallel to the road would be possible for the difiei^nt aarms ; the 
nature of ^woods near the road, whether isspasBal^ on moooaat at 
underwood, or open.* 

7. Biivers. Breadth, depth, rapidity (so many miles per hour). 
Nature of the banks and bottom. Gommond of one bank over ihe 
athffr (if any). Fords. 

8. Halting places and shunting plaoes, where part of the tsolnnm 
oould pass from the rear to the &ont. 

9. Camping grounds, or bivouac ground. Force for which 
able '(if required by the nature of the instructions). 

10. Positions on, tn* adjacent to the road, for advanoed or 
guairds (according to the instructions). Also positions oommandiag 
the route from the enemy's side, or from whence he could obsenne tha 
march ; these to be* reported on as seen from -the road. 

11. Lateral communications, roads, or tracks crossing or joiniBg 
lake road, their ecmstruction, width, and condition. 

12. Railways, broader narrow gauge, single or double Hne. -StOBHi 
and rolling stock available (if required by the nature of the instrao- 
tioBs). 

In reporting on bridges, the culverts need not be described in 
detail, it will be-vaffioient to«how these on the vketch. The ddstiiic- 
iion between culverts and bridges t^annot be exactly dwfined:; the 
details should be gi^ven concerning those the demolition of which 
would entail delay and require special nsaterial, bridging spHcs, <&c., 
Ibr iiheir reconstruction. Material such as beams irom the troofs 
ef -'tiie nearest buildings, can be obtained anywhere for the repnir of 
oiilvedis and bridges cS small span, 6 feet or so, and it would seidom 
be iMmsidered worth while to destroy these. 

Oamjping Orounds, — ^A battalion of infantry requiros « mnmniim 
spaee-^f 64 yards front, 200 yards depth. Tids ds too >orcywded for 
any b«t a passing -^enoampm^nt, and allows for.no parade grcnmdin 
front. A full -siaed camp for a battahon idioold he4Q0 yards :fiXKnty 
276 yards d«|ith. 

A regiment of cavttlry, minimum 68 yards froittt, 180 yards* Aspth. 
^ bal fc ter y of fieid artillery, mdnimum 72 yards fronl^ 100 yards depth. 

To findihe Sapidity of a Stream, — ^^Plaoe two marks on the bank, 
about 50 yards apart. Throw into midstreanuoBDine •object which wiH 
anse'as little a& possible abo^e tbe <Burfafoe. A «niall ^branch :ioi8wers 
Hate parpose weH, 'as its i^gs veax^h ^down some -disisance. Obsen?e 

* In the csBe of lugh WDps, voch bs hops or vin^, the^direotion of the towb '-w 
often important. 

(m. t.). Tf 2 
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the number of seconds it takes to pass from one mark to the otlier ; 
from this may be calcniated the number of yards per minute, or miles 
per hour. 

The fordahility of rivers depends, 1st, on the depth ; 2nd, on the 
rapidity ; 3rd, on the nature of the bottom. The two latter bein^ 
•favourable, a ford 4 feet 3 inches is practicable for cavalry, 3 feet 3 
inches for infantry, 2 feet 6 inches for artillery.* 

The Gradient of Hoods, — Heavy wagons cannot ascend a steeper 
slope than 8^, or 1 in 7, without extra horses ; but guns can for a 
short distance be taken up 15°, or 1 in 4. 



The Report. 

Before commencing to write the report, every place in the survey 
to which allusion wiU be made in it, should be marked with a red 
numeral surrounded by a circle, consecutively, from the bottom of the 
sketch upwards for the purpose of identification. This is better than 
numbering them whilst writing the report, for it would be then 
found nearly impossible to arrange the consecutiveness of the numbers 
on the sketch which is so convenient to the superior ofl&cer. 

Places, the names of which are given on the sketch, need not be 
also numbered. 

The terms north, south, &c., not " right " and " left," should be 
used in describing a position. The former are absolute, the latter 
being relative, there might be room for doubt whose right or left is 
meant, the enemy's or our own. 

In describing a river, however, the terms "right bank," "lefb 
bank,'* are made use of, with the understanding that the observer 
faces towards the mouth of the river ; this is necessary, as either bank 
might become north or south, east or west, on account of the windings 
of the stream. 

The sketch as well as the report should be headed, signed, and 
dated by the officer on the face of each document, so that they may be 
rejoined correctly in case they should become detached. 

The instructions in accordance with which the reconnaissance was 
made are to be attached as the last sheet of the report. 

When the length of the sketch sheet is different to that of the 
foolscap paper sized form of report, the lower edges of each are to be 
in line, the sketch attached to the left margin of the report by loose 
loops of tape or twine, or by a strip of gummed paper applied to the 
edges at the back. Postage-stamp edges, or adhesive luggage labels 
cut in strips, answer the purpose. 

The form of road report will be folded as shown Plate YI, so that 
the marginal headings may be seen in their proper places when the 
report is turned over for the perusal of the third column. 

The first column of the report will usually be large enough to 
contain all the information concerning one march. 

When intelligence is obtained by hearsay its source should be 
stated, in order that a judgment may be formed of the degree of 
credit to which it is entitled. 

When statistical information concerning supplies, accommodation, 
Ac, is required, an officer will usually be detailed to collect and 
tabulate it in the authorised form, independently of the officer who 

• For examining fords, vide "Biyer Beporta." 
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sketches the ronte and studies its tactical capabilities. In this case 
ho must be careful to use the same reference numbers as are marked 
in the sketch to identify places. 

For purposes of instruction, time being of little consequence, both 
kinds of information might be furnished by the same oflBcer. 



Supplies and Accommodation. 

The column "distance" may be left blank when the report is 
accompanied by a sketch, otherwise this information is necessary. 

The order df reference numbers should be similar to that in the 
sketch, that is to say, the most distant place is first described at the 
top of the fair copy of the report, the remainder in regular succession, 
the starting point coming last. 

The number of houses and the population of towns and villages 
can generally be obtained from the local authorities ; it is usual to 
estimate a village population at about five per house. No absolute rule 
can be laid down for the proportion which " accommodation '* is to 
bear to the population ; the relation must necessarily vary considerably 
according to circumstances. It will be sufficiently accurate to calculate 
as follows : — 

For every room 15 feet wide or under, one man to every yard in 
length. 

For rooms over 15 feet, but under 25 feet in width, two men for 
every yard of length. 

For rooms 25 feet wide three men for every yard of length. 

This allowance of space would be insufficient for permanent 
occupation. 

The late Major- General Sir GL P. Colley recommended the follow- 
ing as a useful method of roughly estimating fche accommodation : — 
Pace along the front of the building or buildings : if only one room 
deep, calculate one man per yard ; if two rooms deep, 2 men per 
yard, and multiply by the stories. 

As it will be impossible for an officer to visit every house in a town 
or village, the best plan to adopt will be to divide the houses into 
classes as far as possible, and by carefully examining a house of each 
class, and estimating the number of men which it would accommodate, 
arrive at a fair estimate of the accommodation afforded by the total 
number of houses. A certain number of rooms (usually those on the 
upper storey) must be left for the inhabitants. 

As regards horse accommodation in bams or outhouses, about 

5 feet of their length should be allotted to each horse. If the building 
is 24 feet wide it will hold two rows of horses with a passage of 

6 feet or so between them. 

In India no information is required concerning the accommodation 
to be obtained in villages, as they are unsuitable for occupation by 
Europeans. 

Under the head of " supplies " is stated the names of the principal 
persons upon whom requisitions for flour, com, hay, oats, and live stock 
might be made, stating the amount obtainable from each person. 
Butchers', bakers*, and blacksmiths' shops; fuel and com stores; 
hotels and inns; postal telegraph, and number of clerks; forges, 
mills, and wheelwrights. 

For calculating the supply of fodder : — ^Hay weighs 200 lbs. per 
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cubic yard in jblie rick; straw, 140 lbs. ; grain, 900 to 1,300 Iht^ per 
ei2l»ic yard ; oats are the lightest. 

Under the head of '' transport '' will be given the names of tkosA 
persons who possess carts or wagons adapted to the transport of com- 
missariat and other stores, with the number of horses belongixig.to 
them. Also the names of persons on whom requisition can be made 
for saddle horses. 

Under the head of " water." Whence is the water supply avail- 
able ? Is the supply limited? Is the water of good quality ? 

To find the supply of cubic feet of running water per minute. 
Calculate the area of the cross section of the stream in feet (breadth 
X average depth) ; multiply by velocity per foot per minute. 

To find the supply in gallons, multiply by 6-23. Ten gallons 
allowed for each man and horse per day. 

A specimen of a road reconnaissance in the authorised form, is 
shown, Plate VI, in a pocket at the end of the book, the mapTHBr m 
which it is folded is to be observed ; it was executed, in accoirdance 
wdth the following instmctions : — 



Oeneral Idea, 

An army corps is retiring by divisions westwards, on parallel 
roads, followed by a superior force. The 2nd Division, marches bj 
the Becton-Hilboro Road, covered by a rear guard, comprising — 
2 squadrons cavalry, 

1 battalion infantry, 800 strong, with tool cart, 

2 guns horse artillery, 
4 guns field artillery, 

1 company R.E., with tools on pack horses. 
An officer is to be detailed from, each infantry regiment to precede 
tlie column by one day, to report upon the route and collect soch 
information as may be required. 

Instructions communicated to Officers cotwemed. 

Captain A. will report to-morrow on the section of the road ivom 
CaxhvLpy Station to Appleton. He wiU render his report to. the 
ILA.Q.M.G. at Carbury Station at 7 p.m.,. L7th Sept.,. 18 . 

Information is required as to — 

TLe condition of the road and its suitability for rapid maarciung; 

Facilities for maintaining communication with the 1st and 3rd Di* 
visions on roads to the right and left. 

Facilities for moving on a broad front. 

Any position in which the rear guard might delay the enemy's 
advance and oblige him to deploy. 

A suitable halting place, about half way if poesible, for the mid- 
dar^ meaL Three days* ratious are carried with the column. 

Lieutenant B. wiU act in conjunction with Captain A. in reporting 
as to the supplies to be obtained at Heysthorpe and LlanyrlL 

It is intended to reach Hilboro if possible and there bivouac oa 
the night- of the 18th Sept., so that no information isrBqxuredJHi to 
grounds in this section. 
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RivEE Bbpoets and Skktches. 

Ttte sketch of a river mnBt xumalfy be made on foot. It isgenerallj 
«zecated at the scale of 2 or 3 inches to a mile. 

^vers infltienee the operationa of a campaign materially. If in 
fridnt, and perpendioolar to the line of advance, it is necessary to- con- 
centrate for the passage of a river at one or more points, and to 
deceive the enemy as to one's real intentions. With a large river 
close behind him a commander is placed in a position where an- 
nnsnecessful action shonld mean min, nnless he has made preparations 
on a large scale like Kapoleon's at Loban. A river parallel to the 
line of advance is the best protection from an enemy's enterprise on a 
flankj as it is only necessary to seize the boats and guard the bridgea in 
order to secure it. In any case a thorough knowledge of its natux^e- 
and' present state is essential to a commander. 

The sketch will include as nmch of the country as can be seen 
from the banks, especial attention being paid to the villages and- 
woods close to it, the roads leading to it, and all commanding grouftd 
within artillery range. 

The following headings- , comprise the information generally 
required: — 

A. 

When the course of the river is in the direction of the li|ie<Q£ 
operati<ms, the object of the report being to show how connection may 
be maintained on the march, or for action, by a foree moving on botib 
basks. 

1. General nature of the valley in which the river Hes: whetiMr 
swampy, rocky, wooded, &c., proximity of heights on one or betii' 
flanks. As much as possible of this information to be given onitJu 

2. Kature of the stream, navigable or otherwise, and if affeotad'by 
the action of the tide. Breadth, average depth, rate of current, 
liabiHfcy to sudden overflows, and to what extent is the country usually 
flooded. Character of the bottom* 

3. The banks : whether precipitous, and if so, how high ? If one 
bank commands the other. Are the banks marshy or the reverse ? 
Towpaths. 

4!. Tributaries. Islands. 

5. Bridges in full detail. Fords and their approaches, ordinary* 
depth, the bottom soft or firm. 

6. Other points at which passages of the stream are practicable, or 
might be made so, for the different arms. 

7. Boats. 

8. The position of the locks beine shown on thie sketch, what is 
tihe fall of water at each P Are the lock gates expb^ed to distant 
artillery fire ? 

B. 

In addition to the above. Whm the river is to be used as a 
de^snsive obstacle. 

9t Nature of the approaches, and points at which access by them^ 
iBaybe barred by troops orobstaoles. 

1(X Command, and distance from the stream of heights on eitker 
bank within artillery rasigo. 
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11. Points and means for effecting innndations. 

12. Points on either bank suitable for covering the passage of 
troops to the fnrther bank. 

The arrangements for attaching the report to the sketch will be 
the same as shown for road reconnaissances (Plate VI). The head- 
ings in the above order will be margined in the same manner. 

The strongest cnrrent will almost always be in the centre of the 
river. In winding rivers the deepest part will be fonnd near the . 
concave bank. A fall of 6 inches in a mile will produce a current of 
3 miles an hour in a large, deep river. 

The most certain way to search for fords is to drop down, the 
9tream in a boat with a sounding lead or weight attached to a line of 
the required length ; the movement of the line will show when the . 
weight touches the bottom, and a ford may there be looked for. 
Fords seldom run straight across the stream, but more usually in an 
oblique direction. In India, quicksands do not generally occur in 
running water, but on the flat banks. A post should be set up in the 
water showing its height at the time it was examined. 

In describing flying bridges and ferries, the number of men that 
can be carried over in each trip, and the time occupied in making the 
passage, should be stated. 

Any work on tactics explains the points which are favourable for 
forcing or defending the passage of a river. The reconnoitring oflBlcer 
will pay particular attention to these points, and examine thickets, 
woods, villages, &c., which woxdd afford concealment or protection on 
the banks of the river. 

If the operation is in progress in winter, it must be ascertained 
whether the river ever freezes ; ice 3 inches thick will bear infantry 
and field artillery. The thickness of ice can easily be increased by 
covering it with straw aud pouring water upon it during frost. 

A navigable river with locks can be drained and made passably 
between two of these if the lower can be opened. 



Bailboads. 

Railroads play an important part in modem warfare; by their 
means troops and materiel are transported with the utmost rapidity 
from one point to another, and a railway junction becomes an im- 
portant strategic point. 

In the reconnaissance of railways the following are the main points 
to which attention is to be directed : — 

The general nature of the country through which the line runs. 

The gauge in feet and inches; whether double or single line of 
rails; description of rail used, and how laid down and fastened; 
whether the sleepers are laid transversely or longitudinally ; general 
description of bridges, of what material, the number of arches, the 
span of the arch, the best method of destroying the bridge. 

The stations, whether large or small, of what material they are 
built, and whether they are adapted for defence ; goods' sheds and 
other buildings ; situation of the station, on the level, on an embank- 
ment, or in a cutting. The number of cross-over lines ; the length, 
and breadth of the platform ; whether there are facilities for erecting 
temporary platforms. The sidings, if convenient for entraining and 
detraining troops. The means for providing engines with water. 
The supply of drinking water. 
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The entrances to the station, their width. The approaches to the 
station ; space for forming up troops outside ; space for encamping in 
the vicinity. 

Amount of rolling stock ; engines and their horse-power ; carriages 
of each class, horse boxes, cattle-trucks, and goods trucks. 

Places along the line where troops could be entrained besides the 
stations. 

Stores of telegraph wire, spare rails, and sleepers ; fuel ; excavators' 
tools; forges. 

The ste/flf of railway officials, engine drivers, and pointsmen. 

The number of telegraph wires ; places where there are batteries 
and telegraphing apparatus. 

The general state of repair of the line, description of tunnels, 
cuttings, and embankments ; the maximum gradient on the line. 

The number and direction of the junction lines, and whether they 
lead from districts whence supplies may be drawn. 

The suitability of the railway to be used as a road for marching 
infantry. 

Any other miscellaneous information that may strike the officer as 
being likely to prove useful in time of war should be inserted in the 
report. 

In drawing the plan of a railway station or junction to show its 
sidings, points, &c., in detail, it is usual to exaggerate the widths, or 
make the transverse scale three or four times larger than the longi- 
tudinal ; each fair of rails being shown by a single thick line. 



Eeconnaissancb of a Position. 

A good sketch is far preferable to any written description of a 
position, for the information of one who understands the subject. 
But, on service, there will seldom be time to make more than a very 
rough sketch, supplementary of the written report, which will in such 
a case be much more ample than that given below, and will explain all 
points in which the sketch is deficient. However pressed for time 
the reconnoitring officer may be, he should try to convey as much 
information by his sketch as circumstances will permit. 

Yery frequently the officer on active service will be provided with 
the Government map of the country (if the scene of operations be in 
a civilised country), and his duty will be to draw up a report furnish- 
ing all the tactical infdrmation in which the map is deficient, in view 
of the military operation in progress. This method of recording infor- 
mation, though not the best, might be the only method possible. 

Sketches of positions are made on a larger scale than those of 
roads, as they must show accurately certain details which would 
be unnecessary in the latter. The road and the positions will usually 
be simultaneously sketched by different officers. The cavalry sketch- 
ing case will be large enough to contain the sketch of small positions 
at the scale of 4 or 6 inches to a mile if the work be judiciously placed 
on the paper ; and accuracy sufficient for the purpose may be obtained. 
There would rarely be time to execute the sketch with prismatic 
compass or plane table, so as to give the required information early 
enough to allow of its being acted upon; the latter instruments 
would be more suitable fop the purpose of depicting the scene of action, 
after the event, to accompany despatches. 

It is necessary to consider briefly some of the conditions which a 
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good position should falfil, and the points which constitute stren^h 
and weakness, in detailing the headings under which the report on a 
defensive position will be framed. 

A reconnoitring officer will be called upon either to ezaoiifie'aixcl' 
report on the general capabilities of certain positions ; or else to- find 
positions suitable for defence lay a force of a certain strength. la* Ab' 
latter case, much judgment is required ; a position snitoble for 
defence by 20,000 men might be quite indefensible by 10,000t (te- 
the other hand, to overcrowd a position in these days- of far^rflnelrtng 
fire is to incur avoidable loss of life, so that the same position* ni%;iit 
be too cramped for defence by 40,000 men. 

The composition of the force must also be taken into consideration, 
and ground selected that will favour the action of the arm in ii4iieh- it 
is strongest. 

The number of men per mile suitable for the defence of a positkni' 
varies greatly according to the ground and the amount ai cover it 
affords. 5000 infantry per mile, or 3 per yard, including reserves, is 
t^e usual estimate for an average position,* vide Field Ihcereifle^ or 
including all arms and reserves 5 men per yard. 

A position should have 600 or 600 yards of depth, sufficient for 
manoeuvring and for moving troops from one part to another wil^iit- 
undue exposure. It will be advantageous that the ground should dif^ 
slightly in rear of the position so as to conceal these movements. 
Reserves will gain little real protection from distant fb*e, though tbos* 
hidden from view. They wiU, however, derive more shelter fttym fee 
as the assailant gets to closer quarters. 

In most positions there are some portions naturally strong or 
difficult to attack; these requii^e few defenders, the number spared 
from them can be added to the defence of weak parts of the line. 
Weakness and strength may be said to consist chiefly in the suitability, 
or the contrary, of the ground for the development of the defenders' 
rifle fire. Hence if the ground over which the assailant must advanoQi 
is rugged and broken, or closely fenced, it will afford him cover from 
fire, and enable him to mass large numbers for a final rush on- the 
position. Such a position, though apparently difficult of access, is 
decidedly weak.f On the other hand, a strong position would be one 
in which good cover is afforded to the defender's shooting line, behind, 
banks, &c., and having in front clear, open, and gently sloping, or 
nearly level ground, over which the assailant must advance for some 
hundreds of yards exposed to rifle fire. As a rule gentle slopes are 
easier seen into and defended, than steep ones. , 

A good position should command a view of the movements of an 
assailant, and should not be itself commanded by any higher ground 
within artillery range. Large woods are dangerous features in front 
at, on the flanks of a position. 

It win be well if the flanks can be placed so as to be supported by 
natural obstacles, such as marshes, rivers, or lakes. Should there lie 
no such natural advantages every effort should be made to strengthen 
them artiflcially. 

There should be artillery positions, whence the ground over which 
the enemy must advance may be well seen, partipularly the ground: 
bi^ond rSe range and the roads, leading to the position, so that 

* Botii the Fxenok and Eagliah at Watezloo hud at the rate .of IZ menifii jvmj^ 
yard of front. 

t ICajuba if a case in point. 
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actillerj fire maj oblige him to deploy ai) a disianee. Infaatrj ofiBksera, 
aa aimle, underestima^thQ eSeo&ye rangip of artillery* Artillery ia 
tike only ajnn that, can be advaDtagsoruily posted behind a labe, 
Xiv^amp, or other impassaUe obstacle, its action being only defensive. 

A good position should not be divided perpendicularly by a gtream, 
ravine, or other feature' difficult to passi which would impede the 
defenders' lateral commimicati(m» and enable the attackers* to- cim^ 
oentrate their real attack on one- side of the position. Such an 
obstacle outside; the position and on. the enemy's side would io^KMe 
similar disadrantages on him, and favoux the defenee. 

A wood may be a source of strength- or the reverse^ the lattes if it 
is too extensive to be fully oocupied. Wood fighting is disting^uished 
by the tenacity with which, the defenders oling to cover ; and if the 
enemy gain a footing in it, it becomes^ a source, of great danger,, aa it 
m£^ enable him to mass troops for an assault. 

The points that call for special examination in- the ordinary reeoiii- 
naissance of a wood as connected with that of ar road have^ been 
ttbeady enumerated. In connection with, a position^ the report will 
enter more closely into detaile as ta itfr extcuat and forxui; the com*- 
municatioDs and paths through it ; the average oircumference of the 
trees ; the nature of the underwood and its penetrability-; the means 
to.be adopted for tho' defence of the edlgesneupest the enemy; whetlMr 
the timber is suitable for abattis to be placed at the salient and most 
exposed }K>rtion8: whether parts of the edge fiank other parts.; 
whether ihe wood is quite isolated^ or is connected with neighbouihig 
woods by scattered timber; wither there ia any fold of the gvenaid, 
or any bank that would give cover to an enemy close in front of it. 
Banks or other cover in rear of the wood whence fire might be 
brought to bear on its near edge to prevent tke enemy from issuing 
from it, in case he should succeed in occupying it. 

Though there is now greater necessity than ever for enterprise 
and intelligence in cavalry during the events- prelmtinary to an- en- 
gagement, the role of this arm on the battle fiield is much reduced in 
late years by the increased power of infantry. The reconnoitring 
officer will be observant of open ground, especially towards' the fiaoks, 
suibable for the movements of cavalry^ also of hollows in the ground^ 
or concealment afforded by woods where they can be placed out of 
sight and in readiness to seize any opportunity of dashing on the 
assailanibs if they should get a footing in that pjart whilst in a confused 
and disordered condition ; ready also to check turning movements and 
gain- time for the defenders to make dispositions tameet them. 

Farms, and villages in front or on the fltmks may be easily coiv 
verted into strong posts. In reconnoitring them with that view, thb 
following points will be noticed in addition to those previously 
enumerated. 

Whether they are oosBfActb or stragi^ng; thi»> exteri(M! ol' the 
viUage surroimded . by< willed f^ardens suitable for defence^; whettMMD 
the fences beyond the. village would cover the enemy in his advance, 
and if so whether they can be easily levelled. Means for retarding his 
advance ; whether the village is commanded by artillery positions on 
the enemy's or defenders* side. All details concerning a building, 
such as a church in the village, suitable for a reduit. 

The roads leading through the position and those along it must be 
closely examined. If the intention is to act chiefly on the defensive, 
some of the roads towards the enemy and on the flanks might be 
obstructed by felled trees ; but unless the defenders are greatly out- 
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ntunbered or demoralised, or unless the object is merely to gain time, 
the attitude of passive defence is one that can lead to no good regnlts. 
Hence with a view to the possibility of assuming the offensive, the 
road should not be destroyed ; bridges may, however, be mined in 
readiness for demolition at the last moment ; this applies particularly 
to those in rear of the position, by the destruction of which, after the 
rearguard has retired, the pursuit may be checked. 

The best line of retreat is from the centre of the position, leading 
straight to the rear ; the worst is parallel to the front, as any success 
of the enemy on one flank would imperil the communications. Fences 
in rear of the position are favourable in case of a retreat, enabling the 
defenders to rally and dispute the ground. 

If a position is fco be occupied for any length of time, wood and 
water should be within easy reach. 

A position containing many of the above advantages will seldom 
be found, nor will a commander as a rule have the opportunity of 
choosing his position and there awaiting attack. He has usually to 
make the best of the ground on which the turn of events has placed 
him, fortunate if within a few miles he can find such as will give his 
troops any advantage. 

The reconnoitring officer may be called upon to report on the best 
line for the outposts in connection with a defensive position. It would 
be needless here to repeat the well known principles that will guide 
his selection. The general line of the outposts can be sufficiently indi- 
cated on the existing maps by colour. The exact distribution will be 
arranged by the commander of the outposts. 

1. Gradations admitting op Man(euvees. 



Infantry. 

Can move in forma- 
tion. 

Cavalry. 

Can move with or- 
der — its charge more 
effective up hill than 
down. 

Artillery. 

Fire more effective 
down than up hill. 



10^ 



Infantry. 

Close movements 
difficult. 

Cavalry. 

The charge possible 
only up hill and for a 
short distance. 

Artillery. 

Moves with diffi- 
culty — its effectual 
and constant fire 
ceases. 



15^ 



Infantry. 

Can only move a 
very short distance in 
order. 

Cavalry. 

Can only trot up hill 
a short distance, and 
walk down hill. 

Artillery. 

Moves with great 
difficulty — its fire 
ceases entirely. 



RECONNAISSANCE OF DEFENSIVE POSITIONS. 



93 



2. GeADATIONS which may be ascended and descended SINGLY. 



20° 


25° 


30° 


Infantry. 


Infantry. 


Infantry. 


Cannot move in 


Can only move in 


Can only move in 


order, can only fire 


extended order. 


extended order and 


singly with effect. 


Cavalry. 


very slowly. 


Cavalry. 
Can still ascend at 


Light Cavalry can 
only ascend and de- 


Cavalry. 
As before, bnt with 


a walk, and descend 
the slope obliqnely. 


scend obliquely, one 
by one. 


great difficnWy, and 
when the slope is of 
soft earth. 



3. Gradations which may be climbed up. 



35^ 



Infantry lightly 
equipped may ascend 
slowly in extended 
order. 



40' 



As before with the 
help of their hands. 



45^ 



Men accustomed to 
hilly country may 
ascend, holding on by 
their hands, but with 
danger of falling. 



The nature of the surface, as well as the steepness, affects the capa- 
bilities of ground for the movement of troops, and affects the three 
arms differently. Thus, for infantry the ascent of a steep slope, such 
as 25°, is easier if the surface is rocky and rugged than if it is smooth 
turf affording bad foothold ; for cavalry the latter is the easier. 

It is not the business of the reconnoitring officer on service to suggest 
the proper method of occupying a position, unless specially ordered 
to do so ;* he will usually merely give the superior officer the result 
of his observations, explain the points of weakness and of strength, its 
general capabilities, and suitability for the action of the three arms, 
the means which exist for obstructing an assailants' advance and retard- 
ing his pursuit, the nature of the communications, &c., and leave him 
to draw his own deductions. 

These reconnaissances will usually be executed under the orders of 
the general by staff officers. An engineer and an artillery officer will 
be employed in examining the specialities connected with their 
branches. The former in arranging for demolitions, obstructions, and 
defensive works, the latter selecting sites for emplacements and gun 
pits, and making every preparation for their execution if approved by 
the general. 

For purposes of instruction, and as a tactical study, an officer may 
be called upon to explain by sketch and memoir what he considers to 
be the proper distribution of the different arms ; the works he would 
undertake to strengthen the position ; obstructions to detain the enemy 

* Napoleon I, in his instructions on reconnaissance, ordered tliat the word 
'^Tonnemi" was not eren to be made use of. 
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under fire ; demolitions to deprive liim of cover, Jbc. In fact.sncli a 
reconnaissance will test his knowledge both of military sketching, of 
tactics, and of field fortification. 

In considering the capabilities of a position it shonld be regarded 
from the side of the enemy's advance, as mnch as from the defenders' 
point of view. 

The following are the headings under which most of the finbjects 
connected with the defensive positions can be reported on : — 

1. The Position. — Description of all that is not already explaiiwed 

by the sketch concerning its form ; the direction in which 
it faces ; its flanks ; any remarkable or dominating point in 
it ; the condition of the gronnd; wfaother soU imd heavy for 
movement, or the reverse; wood «nd water in case it ris 
intended to encamp or bivouac on the gronnd; prafaaUe 
direction of the enemy's attack; reasons for this con- 
clusion. 

2. Advantages. — Good positions for artillery, with wide and distant 

range commanding the approaches and flanks ; good points 
d'appui on the front or flanks ; good cover for infantry, with 
gronnd in front suitable to the development of rifle fire; 
cover for second line and reserves; communications in a 
lateral direction ; communications to the front and direction 
in which a counter stroke could be delivered or the ofietnsive 
aiBSumed ; communications with the rear ; flanks wellrpostol; 
■extent suitable to the force ; natural obstacles Jto the enemyVt 
advance. 

3. DiSADVANTATJBS. — 'No position will be found without some of the 

following disadvantages: — Limited range for artillery, or 
the ground affording better positions for the enemy's artil- 
lery ; extent unsuitable to strength, x>r its nature to the com- 
j)osition of defending force ; no favourable ground on whieli 
to rest the flanks ; coTer for the enemy during his advunee ; 
bad cover for the firing line, or in ^nch a position that'Siid 
would not be Effective ; absence of cover in convenient '^^ces 
for the second line and reserves, inconvenient commnnica- 
tions. 

4. The OormTET in the vicinity. — General description of the ^niv 

rounding country beyond the limits of the sketch ; positiofns 
or strong points on the lin© of retreat, snch as farms tar 
villages at which pursuit might be checked ; the distant view 
to be obtained. 

5. Communications. — Description of roads, "paths, ifcc, peraen- 

dicular to the position and lateral ; also ihoso from the !front 
towards the flanks. 
'6. Bmdges. — As in road reports. 

7. Rivers. — As in road reports, but with more particular it^oniiA- 

tion as to the points t)f passage and nature of the banks. 

8. Woods. — As previously explained. 

9. Fences. — The general description of fences on the ground, and 

particular description x>f lihoBe which it is proposed -to utilise 
for the defence. 
10. Obstructions and Demolitions, Trenches, aitd other Wbrks; — 
Details of these to be given on a sepawtte form, showiBg;- 
time required, number of reliefs, number of men. in oacb. 
relief, and tools required. 
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REPORT ON A DEFENSIVE POflMlTOK. fif5 



'The reconttais^ncfe of a -small position is here giTen, twit in illus- 
tration of tactical theories, 'Imt of the iopogrttphieal part of 
ihe subject. Plate VTE. 

Instructions, ^€fer9eral Idea. 

A division, composed as shown beneath, is moving northwards 
ham. Maskelyn, to meet and check a Bhtmger force whicsh is advancing 
by the New Detby and Batteansburg roads, and is reported to be 
wifcbitt four days' march. 

An officer is instructed to preeede the division with an escort, in 
oi€er to report on the country about Parsons ville, and "the oapabilities 
of anyposHion he can find suitable for opposing the enemy's advance. 
Works proposed, to be such as can be executed within eiz hours after 
the arrival of the division. 

'^ brig«Kies of infantry (6 battalions -each, 800«trang:). 

1 divisional regiment. 

1 regiment of cavalry, 600 sabres. 

2 batteries of field artillery. 
1 company Royal Engineers. 
Beserve ammunition column. 

•Repobt on position south of Brooksford. 

The Position. — ^Faces north, along the ridge between the Deersforfc 
and Saltlick rivers and a cheval the Maskyln-Parsonville road. 
Its character as shown in the accompanying sketch. Surface 
of the ground on the west side of the position is firm and 
even, covered with long grass, and suitable for rapid movement 
of all arms. 

The east side of the position is somewhat obstructed by 
light fences, renderiijg it unsuitable for cavaliy action. Culti- 
vation of fields shown in sketch.* 
Advantages. — Commands the ground in front as far as the Parsons- 
ville ridge, and enfilades the enemy's line of advance to a dis- 
tance of about 1^ miles. 

The ground for the most part suitable for the rapid move- 
ment of all arms ; where there are fences, conmiunications can 
be easily prepared through them. 

The fences opposite the east half of the position are of a 
nature to be quickly converted into breastworks and shelter 
trenches, and are favourably situated for commanding the issues 
from woods and farmsteads in their front, which cannot be 
occupied. 

From A to C there is good cover, well placed for a second 
line of defence. 

On the west half of the position the railway fnsm O to P is 
favourable to the defence, affording cover in :a good ^position for 
the firing line. 

There are commanding positions for artilleity all along the 

* It would have been useless reiteration to explain such matters as that the 
general height of the ridge abore the stream is about 100 feet, akfpes in £ront under 
6^, &c.,all this being graphioally expressed by the sketch. Were the Offioer uncer- 
tain of his ability to express any such matter accurately by the sketch, he should 
explain it in the report. 
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ridge, and guns can be moved from one part to another, out of 
sight. Reserves are covered from view by the form of the 
ground, and from fire at close range, with facilities for move- 
ment to any part of the line. 

Artillery has a wide field of fire towards both flanks. 

Cavalry can be posted on the flanks out of sight, yet well 
forward and in positions favourable for counteracting any turn- 
ing movements. 

Disadvantages, — ^As regards artillery, the range towards the front 
is limited ; the most distant ground conmianded by the 
position is within 1,400 yards, so that from the commencement 
of an action artillery wHl be exposed to rifle fire. There is no 
more retired artillery position available, whilst the enemy will 
have the advantage of high ground 2000 yards north of Parsons- 
ville (beyond the sketch), whence, with a range of 3400 yards, 
it may be anticipated that some of their guns will, at the com- 
mencement of an action, shell the position ; this fire would 
search the reverse slope of the hill, and be very effective against 
the reserves. 

The position, though strong in front, is too extensive for 
the force, and there are no points d'appui for the flanks. In 
this respect the left flank is worst placed, on account of the 
railway cutting, which it will be difficult either to hold or to 
deny to the enemy in case he should direct his attack on this 
flank. He can enfilade the cutting from a distance of 
2200 yards ; no fire can be directed into it by the defenders 
from the main position. An extension of the line to Yan- 
derhey's, with the view of including it, would attenuate the 
line of defence unduly. 

Recommendations for the defence of this cutting are given 
in the detail of work. 

Along the front of the position are patches of wood, the 
eventual occupation of which by the enemy cannot be prevented, 
though issue from them can be rendered difficult by the obstruc- 
tions proposed and by effective rifle fire. 

The village of Brooksford and the railway embankment 
south of it are too far in advance for occupation, and are ill 
situated for defence ; the embankment is, however, enfiladed 
from the artillery position at B, and from the proposed shelter 
trench FG. 

The lower part of the slope in front and for 600 yards west 
of V, near the stream opposite the centre, is convex in section, 
and is therefore dead ground, greatly in favour of the attack. 

Most of the ground over which an assailant would advance 
is cultivated, and soft enough to be unfavourable to ricochet. 

The Country in the vicinity. — The range of heights in the sketch 
extends for 2 or 3 miles beyond each flank, its general cha- 
racter being similar to that sketched. 

The Parsonsville ridge is commanded by high ground north 
of it, within 2000 yards, rendering it untenable as a position. 

South of the Deersford river the country is gently undu- 
lating for some miles, and intersected by fordable streams 
every 2 or 3 miles. It is mostly unfenced, firm, open, and 
suitable for movement of the three arms ; it is interspersed with 
a few patches of forest. 
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There is a position somewliat similar to that sketched, but 
less strongly marked, yrithin 5 miles, south of the Deersford. 

The view of the country and of the roads by which the 
enemy is advancing is much restricted by fences and trees. 
Communications, — Perpendicular to the position the roads arc 
metalled to a width of 18 feet, split rail fences. 

The paths are good firm tracks, unfenced. All the roads 
north of the Saltlick river are metalled and in good order. 

Laterah-^ThQ road BC is unmetalled, but firm and suitable 
for artillery, fenced on the north side as detailed below, 
unfenced on the south side. 

There are no roads leading round or near the flanks from 
the front, but the country is generally suitable for movement 
in these directions. 
Bridges. — The bridge over the cutting near E is of brick, 70 yards 
long, 30 feet high, 15 feet wide ; 3 semicircular arches, centre, 
25 feet span ; side arches, 12 feet span ; piers, 3 feet thick. 

The remaining bridges are of little tactical imporianc3, 
movement not being restricted to the roads at this season. 
Rivers. — Deersford, average depth 2 J- feet ; width, 18 yards ; rapi- 
dity, 2 miles an hour; gravel bottom; banks firm, except as 
shown in sketch. Not liable to floods at this season ; passa- 
bility marked in sketch. 

Saltlick, average depth, 2 feet ; width, 20 yards ; rapidity, 
2| miles an hour ; gravel bottom ; iMinks firm, except in the places 
shown in sketch. Not liable to floods. 
Woods. — U. Penetrable by skirmishers ; 20 year old plantation, 
trees average height 18 feet ; stems, 6 inches thick. 

V. Similar to U. 

W. Thick plantation ; trees, average height, 10 feet ; thick- 
ness, 3 inches. 

X. Trees rather larger than U ; thorn nnderwood, difficult 
to penetrate. 

Y. Similar to U. 
Fences, — Round V, X, and I are banks. 

A6, 6C, and lEXM, banks and hedges, as shown below. 



AB 



IKLM 



BC 
(m. t.) 
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The officer may fnrtber be expected to show in detail the distriba- 
iion of the defending force to varioiiB parts of the position in the fol- 
lowing form :— 

DiSTBIBDTION OP TkOOPS, 



Name of work. 


Eegt. 


Offlcera. 


N.C.Os. 


B. AF. 


Itemarks. 


From L to M, 
Ac 


167tli 


12 


20 


«0 


In eitended order, 



The defaila of work to be executed jn&y be shown in the following 
form, if required : — 



Detail of Wokk. 





Strengtli 
of work- 
ing part)'. 


1 
1 

z 


1 


Tools, Ac, required. 




and description of 


1 


O 




1 

re 


s 


-2 
1 


1 

s 


i 
1 


1 


t 


^ 


i 
1 






Beuiai'kB. 





































Tho ooDBiderationg connected with these forms belong to the anb- 
jeots of tactica and field fortifications, and are therefore not entered 
mto here. 



Finn, of the rtai0cHndfr wrtJi tk& cove- - 
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SECTION XII. 



THE RANGEFINDER. 



The problem, of rangefinding may be briefly described thus : — It is 
evident that if a line be drawn from a towards a distant point a;, 
another line from h (a point a little on one side of a) cannot be 

Fig. 55. 
a* 

parallel to ax. The measure of this non-parallelism, or parallax, 
determines the distance of aj. The greater the distance between a and 
h, the more accurate would be the solution, but it being an essential 
condition in rangefinding that this distance or base shall be small, it 
becomes necessary to employ instruments of accuracy, elaborate and 
delicate in proportion to the shortness of the base used.* 

The present Service rangefinder (Watkin) determines distances 
about 20 times the length of base, and is very portable. As the base 
may be any convenient length within certain limits, and is not 
measured but found by observation, the instrument can be used in 
/any sort of ground. 

The principle is this, AO (Fig. 56) being the distance to be 
found : — 

Three pickets. A, B, C, are used : — 

I. B is placed so that ABO shall be a right angle. 
II. is placed perpendicular to AB at a constant measured dis- 
tance (in order to find the length of AB by observation). 
Th^ smaller the angle that AC subtends at B, the greater the 
length. The instrument solves this automatically. 

Fic^. 5^ 



* The Berdan nuigefloder adopted by tl^e Buseians, works -with a base of only 
2 metres (about 6^ feet). It oonsuts of two powerful telesqopes, one of which u 
capable of slight horixontal moyem^it. The apparatus is oanied in a wagon ; it 
costs about £500. Other rangefindani oontaining their own baae have been inyented, 
but not adopted for militaiy porpoiet, such as Pia^yi Smyth's, in which ^e baee was 
about 2 feet. Such instnimenta jwmiire high telescopic power, aod are delicate, ^oth 
the German ^* kippregel" and the j'rench " alidade autor^ductrice *' are much used in 
surveying abroad. They measure distance by observation of a stafF abo^t 13 feet 
high, held at the distant point $ but under sucn conditions they can hardly be classed 
413 rangefinders. 

(m. T.) G 2 
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III. Now ABO being a right angle, it only remains to observe at A, 
the quantity by which BAO is short of a right angle, and 
the length AB being known, the instrument determines BO 
(practically the same as AO) mechanically. 



Description of the Eangefinder. 

The equipment consists of — 

The ranjifefinder. 

A metallic cord, 6 yards long. 

Three pickets fitted with discs to render them visible. 

On a steel arm FG, pivoting at N (Plate VIII), is fixed a mirror 
N, similar to the index glass of an ordinary sextant. Another glass, 
X, corresponding with the horizon glass of a sextant, is fastened to a 
shorter arm HI, capable of revolving round a pivot at H, and fitted 
at I with a screw for adjustments. This arm traverses 45® between 
two blocks K and L, and is moved by the rack Q, actuated by the 
knob P. When the screw I is pressed against the block K, as shown 
in the figure, an optically true right angle is given to the eye at R. 

Against the edge FG bears a steel projection on the sliding collar 
E. This collar with ^ engraved upon it, slides on a metal arm WD, 
pivoted at W, and graduated with a scale of yards marked from 66 
to 120, representing the number of yards within which the base for 
the operation may be taken. 

At the extremity of WD is a block D, against which the point of 
the screw T bears. This screw belongs to the cylinder T, on which is 
marked a scale of ranges from 400 to 6000 yards. The range is read 
opposite to the ^ engraved on a collar which surrounds the cylinder. 
When the range cylinder is turned, the arm WD is moved, communi- 
cates motion to the arm FG, by the projection at E, and thereby 
alters the angle of inclination of the mirror N. 

The amount of motion which a movement of the cylinder com- 
municates to N depends on the position of the sliding collar E, which 
is set to the proper graduation for the base used, as presently ex- 
plained. 

The base is usually between 60 and 120 yards. The longer the^ 
base the more accurate the result, because the greater the parallax. In 
order that the scale of yards engraved on the cylinder shall give the 
range in every case, independent of the varying parallax due to vary- 
ing length of base, the following arrangement is made for placing the^ 
mirror N at a compensating angle of inclination. 

The mechanism may be recognised in the figures. The cylinder 
being set with the ^ reading 0, as shown (Plate VIII, 1), the edge 
of the arm WD is parallel to FG, so that no motion of the sliding- 
collar E along the base scale will alter the position of the mirror N. 
But when the cylinder is unscrewed (Plato VIII, 2), the arms WD 
and FG cease to be parallel, and it is seen that the nearer E is placed 
to D, the greator will be the alteration in the angle of the mirror pro- 
duced by any revolution of the range cylinder. It is evident fromr 
the above tnat the graduations on the cylinder and base bar WD are 
proportional to one another, and therefore the readings may be doubled, 
halved, <fec., at pleasure. Also that the graduations may be taken in 
feet, yards, or any other measure. 

The two eye-nolos R and V are bored obliquely, showing the direc- 
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tion in whicli they are to be looked through. The scale of ranges on 
the cylinder is arranged thus : — 

From 400 to 1600, the hundreds are subdivided into divisions of 
10 yards. 

From 1500 to 3000 there is only room to divide each hundred into 
four, of 25 yards each. 

From 3000 upwards the divisions represent 60 yards. 

In continuation of 990 the divisions are marked 10, instead of 
1000, and so on. Thus 24 indicates 2400 yards. 

The nambers are read from right to left. 



The Operation of Bangefinding. 

(1.) Supposing the distance of from A (Fig. 6G) to be required. 

Plant the picket with square leather head and strut, at A, the flat 
side of head turned to the left, and the strut or support to the rear. 
Now pace about 100 yards at about right angles to AO. Open the 
instrument, push the arm HI against the stop K by moving the 
button P away from K (Plate VIII.) Set the cylinder to zero, hold 
the instrument as shown " taking the right angle," and look through 
eye-hole R at object 0, through the unsilvered part of the horizon 
glass X. 

The picket A will appear reflected in the silvered part of the glass. 
Should it appear to the right of the object, the observer must retire, 
if to the left advance until A exactly coincides with some well-defined 
portion of the object. This instrument is now at the right angle 
OB A. The observer plants the picket B between his toes, and verifies 
its position by resting his hand on the top of the picket (in such a 
position that the index glass N is immediately over the picket). On 
looking through the instrument again any slight error can be rectified 
by forcing the head of the picket to or from him. 

The placing of picket C is performed thus. An assistant, as soon 
as he sees the picket B planted, lays one of the cross lines engraved 
on the head of the picket A on B, hooks the 6-yard cord to A, and 
plants 0, so that the centre of the disc is at the full distance, and iu 
the direction given by the other cross line on the head of A. 

If there is only one observer he places before going to B, to find 
the base. He places it slightly to the left of the continuation of the 
line AO (Fig. 66), so that the angle BAO may be nearly a right angle. 
The shorter the range the more must be to the left. For a range of 
1000 yards it should be placed one pace to the left. 

(2.) For measuring the base AB, the length of AC (Fig. 56) being 
known. 

The angle which AC subtends at B is measured by reflecting C on 
to A. If then the sliding collar be placed at the distance represent- 
ing AC on the base scale, the cylinder will mark the distance AB. 
As AC is always 6 yards, the sliding collar is for this operation placed 
at the mark 6 (representing 60 yards in the range triangle). The 
result obtained for the distance AC is therefore ten times the true 
one, thus the same scale on the cylinder does for both bases and 
ranges, if only in the former we divide by 10. It is advisable, how- 
ever, always to read this scale as for ranges, multiplying the base scale 
by 10, so as to avoid confusion. Thus, a base of 100 yards would be 
read as 1000 yards, and the sliding collar set to 10. If a tape of 
10 yards be used, the same result for AB would be obtained by setting 
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the sliding collar to the mark 10 before reflecting the image of C on 
to A. 

If the 4^ points thug, Fig. 57, it would read 1016 (representing 
101*5 yards base). 



Fia. 57. 




and the sliding scale would be set thus : 

Fia. 58. 
US 



Q 



IQ. 



L I I 



I I I I 



Hold the instrument as shown (" taking the base "). Face A stand- 
ing with B between the toes and look through eye-hole V, being 
careful not to disturb the position of the picket ; A and C will be seen 
though the plain part of the glass X, and their reflections immediately 
below them. Turn the cylinder to the left with the right hand Tintil 
the reflection of the vertical line on the round disc C, coincides with 
the vertical line on the square disc A. The length of the base AB may 
now be read on the cylinder, and the sliding collar E set to the same 
figure, as already described. 

The summary of the operation of finding the base is — 

1. Set the sliding collar E to 6 on the scale WD. 

' 2. Push the arm HI against the stop L by means of P. 

3. Bring C and A together optically by revolving the cylinder. 

4. Bead the cylinder and set E to the corresponding figure. 

(3.) The third observation is made at A. The observer stands 
with the picket between his toes ; pushes the arm H against the stop 
K ; holds the instrument as in Plate VIII ; faces towards 0, and looks 
through the unsilvered part of the glass X. He now turns the 
cylinder until the picket B, reflected in the lower part of the glass, 
coincides exactly with O ; he may verify the observation as before, by 
placing the instrument over the picket itself. The range is now read 
opposite the ^. 

If it should be inconvenient to set off the base to the left, it may be 
taken on the other side by reversing the operation, as detailed. 

The most general source of error in the observations is the failure 
to observe precisely the same point of the object from both ends of the 
base. To guard against this with objects not clearly defined, it will 
be necessary for the observer io keep his attention on the point whilst 
he shifts from one end of the base to the other. 

Case II. When the base is limited to under 60 yards, or the range 
is under 600 yards. 

The operation is, as above described, with these ezceptions. After 
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placing tlie picket B at tho right angle, set the sliding collar to 12 
before making the pickets A and C coincide by revolving the cylinder. 

The true range is half that read on the cylinder. 

Case III. When the base is limited to over 120 yards, or the range 
is beyond 4000 yards. 

The subsidiary base AC is made 12 yards, instead of 6 yards ; or 
the base being kept 6 yards, the sliding collar is placed at half that 
denoted as the length of the base by the cylinder. 

The true range by either method is double that shown by the 
cylinder. It is advisable to u^e Case HI, when time will permit, for 
ranges over 2500 yards. 

Adjusting Hie Instrument, 

The instrument should be tested before being used, and adjusted if 
necessary. These adjustments should never be practised for instruc- 
tional purposes on any but an old unserviceable instrument. 

Set the cylinder as far as it will go to zero. Press the sliding 
collar E back to 6 on the scale. Press the screw I against L by the 
nut P. 

If the instrument is in proper adjustment, by looking through the 
eye-hole V at any sharply defined vertical line, such as a pole or side 
of a house, about 200 yards away, two images of it will be seen exactly 
over one another, one by direct vision, the other by reflection. 

If they do not exactly coincide, unscrew the key which is inside 
the cover of the instrument, apply it to the square of the screw I, and 
turn it until the two images are in line. Move the arm HI backwards 
and forwards several times, replace it against the block, and see that 
the adjustment has been properly effected. 

The length of the wire cord should occasionally be tested by a true 
standard measure. 



Under certain circumstances the rangefinder may be useful for 
surveying. For instance, as in Zululand, where surveying operations 
were generally limited to the line of route, the distance of adjoining 
peaks, &c., could be found by the rangefinder, and their direction 
by the compass ; and thus a number of conspicuous points could bo 
placed in their correct relative positions on paper. The surveyor 
seizing every opportunity of observing the lie of the country between 
these points, filled in the sketch by eye. 

A good operator, with a plane table and ruler with vanes, could 
obtain ranges under similar conditions to those described, that is, dis- 
tance about twenty times the length of the base. But on service the 
rangefinder is more likely to be available, and men trained in its use 
could assist the ofl&cer in surveying. 

The rangefinder can be used for measuring small angles between 
objects. Push I to L by the knob P. Adjust E to 10. Look through 
eye-hole V, and make the two objects coincide by revolving the cylinder 
(as in taking the base). 

Kote the range on the cylinder, and take the corresponding angle 
from the table. Thus, supposing the reading on the same cylinder to 
be 1200 yards, the range would be 4° 45'. 
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Angles corresponding to Ranges. 



Eange. 


Angle. 


Bange. 


Angle. 


Bange. 


Ajigle. 


yards. 


deg. min. 


yards. 


deg. min. 


yards. 


deg. min. 


5,000 


1 9 


2,100 


2 44 


1,200 


4 45 


4,500 


1 16 


2,0C0 


2 52 


1,150 


4 58 


4,000 


1 26 


1,950 


2 56 


1,100 


5 11 


3,500 


1 39 


1,900 • 


3 1 


1,050 


6 27 


3,400 


1 41 


1,850 


3 6 


1,000 


5 43 


3,300 


1 44 


1,800 


3 11 


950 


6 1 


8,200 


1 47 


1,750 


3 16 


900 


6 20 


3,100 


1 51 


1,700 


3 22 


850 


6 42 


8,000 


1 55 


1,650 


3 29 


800 


7 7 


2,900 


1 59 


1,600 


3 35 


750 


7 35 


2,800 


2 3 


1,550 


3 42 


700 


8 8 


2,700 


2 7 


1,500 


3 49 


650 


8 45 


2,G00 


2 12 


1,450 


3 57 


600 


9 28 


2,C00 


2 18 


1,400 


4 5 


550 


10 18 


2,400 


2 23 


1,350 


4 15 


500 


11 19 


2,300 


2 29 


1,300 


4 24 


450 


12 32 


2,200 


2 36 


1,250 


4 35 


440 


14 2 
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SECTION XIIL 



THE VERKIEE. 



The gradnation of the more accurate class of instraments is read by 
means of the " vernier," a m.OTablo scale, the divisions of which difter 
very slightly from those of the graduated arc, or primary scale to 
which it is applied. 

Its principle is this. If any number of diviaiona of the primary 
scale, say three, be taken for the length of the vernier, and divided 
into four {or one part more), each of these vernier divisione will bo 
smaller than each of the primary divisions by Jtli, so that if the index 
("t^) of the vernier coincide with of the primai^ scale (a. Pig, 59), 
the vernier division 1 will be distant Jth primary from 1 of the upper 
scale ; vernier 2 will be J short of the upper 2 ; vernier it, | short of 
upper 3. 




Then if the venuer bo placed with its diviBion 1, coinciding with 
one of fcho primary scale divisions as at 6 (Fig. 59), the index has passed 
the preceding number 4 by ^th, and the vernier reads 4^. In position 
c it reads 8|. 

If it were required to constmct a vernier to read eighths of the 
same primarj- scale, it would bo bo divided that there might be a difEer- 
ence of ^th between each of the divisions of the two scales. 

This would be obtained by taking for the length of the vernier 
seven primary divisions, and oividiDg it into eight parts ; d, Fig. 59, 
i-eadslS^. 

Hence it is seen that the greater the number of primary divisions, 
of which the vernier consists, the more minutely does it read. 

Let it be required to construct a vernier to read 10 seconds on an 
arc graduated to 10 minutes. 10 seconds = -^th minute or nVth of a 
priniary division, therefore the vernier wonld consist of 59 of these 
divided into 60 parts. This is the ordinaiy arrangement in tho 
nautical sextant. 

Fio. 60. 
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In the figure tie index has passed 20° 30', and the vernier fihows 

2' 30" at s, 8o that the reading is 20° 32' 30". 

The same difference of ^ between primary and vernier divimona, aa 
is abown in Fig. 59 a, might be obtained by taking for the length of 
the vernier five of the former and dividing it into 4, then each vernier 
division would be ^th larger (instead of smaller, as in the previous 
case) than the primary divisions. In coneequeuoe of this the diviflions 
of the vernier must be nnmbered, and the coincidences counted in the 
retrograde or contrary direction to those of the primary scale; the 
reading in Fig. 61 is 13|. This arrangement is only employed in 
certain theodolites and mercurial barometers. 



TTT 



^ 



|J3 l|* l|» Ip 



From the preceding it wUl be seen that the rule for oahmlatiag the 
oonstmction of a vernier is, — 

Let a = length of a division on the primary scale. 
6 = „ „ vernier scale. 

M, the number of divisions of the vernier. 
d, the difference between a vernier and a primary division. 
d = a ~ h, and nb ^ (« — l)a, 
therefore d = a — '-"' ~ J" =_^ 

In both the pocket sextant and the 5-inch theodolite, pi-esently 
described, the divisions of the arc are half degrees, or 30 minates, and 
the vernier is constructed to read minutes, and therefore consists of a 
length of 29 primary divisions, subdivided into 30 parts, Fig. 62. 

Fio. 62. 




To read the angle, first note the nomber of the arc which the 
index of the vernier has passed. Next examine the vernier to see 
which of its divisions coincides with one of the arc divisions, add this 

?tuintity to that first noted. In the figare, the index has pBased 
° 30', and the vernier reading is 15', making the total reading 1*'*4>5'. 

THE POCKET SEXTAKT. 

This instrument is shown. Fig. 63. It is nsed for meaanring the 
angle which the distance between two visible objects subtends. 

When required for use the cover is taken off _^ajid screwed <jn 
underneath the sextant, as represented. 

The parts of the iustnunent aie : — 
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lOT 



I, The index mirror. H, the horizon glass, the upper half of 
which, only, is silvered. Y, the index arm which moves with 
the index mirror, and shows . its position by a vernier on the 
graduated arc A. C, the milled-head, by means of which the 
index mirror is moved. K, the adjusting key. E, the eye-hole 
through which the observation is taken ; some instruments are 
provided with a dark glass, which can be slid into the place of 
E, for observations of the sun ; others have a small telescope 
which fits in the same place. D, a magnifying glass for ex- 
amining the vernier ; it should always be placed directly over 
the latter, so that it may be viewed perpendicularly to the 
plane of the instrument. L and M, squares to which the key 
is applied when altering the adjustments. 

Fia. 63. 




In most pocket sextants the arc is divided similarly to Fig. 62, and 
consists of 120° or]30^ 

To measure the angle between two objects, hold the sextant in the 
left hand. Look through E and the opening at the left hand 
object. 

i\ I Turn C until the right hand object reflected from the index mirror, 
appears in the silvered part of the horizon glass coinciding with the 
left hand object, as shown in Fig. 64. The angle may then be read. 

Fia. 64. 




ilLo 



objects coinciding in the sextant by reflection. 



There is a certain amount of knack in bringing the two images 
into contact in the sextant, the beginner should practise at first with 
two objects which are near each other. 
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Index Error, — ^Before or after measuring angles with tlie sextant 
its '* index error" must be ascerfained. Index error means that, 
owing to incorrect adjustment of the horizon glass, the point of the 
graduation from which on the arc angles are measured, is not zero. 

To find the index error, select a well defined line, such as the edge 
of a chimney, 150 yards, or more, distant.* By means of the milled 
head C move the vernier so as to place the index near of the arc. 
H'ow look through the eye-hole as explained, and bring the direct and 
the reflected images of the object into exact coincidence ; if the vernier 
now road 0, there is no index error ; otherwise note the reading to be 
-applied to all observations as follows : — 

It is seen that the graduations of the arc are continued some 
distance to the left of 0, this is called the " arc of excess" (Fig. 62). 
If the index points to this part, it is evident that all angles, being 
measured from this starting point, will be read by the vernier as too 
small. If the index points to the right of 0, the angles will be read 
as too large. The former is called index error "off" the arc, and is 
therefore to be added in correction of observations ; the latter, index 
error "on," is to be substracted. 

In reading the index error " off " on the arc of excess, it must be 
observed that the vernier being constructed to read in the same direc- 
tion as the primary divisions (which in the case of the arc of excess 
are counted outwards from to the left), the difference between the 
number of minutes read by the vernier and 30', is noted for the correc- 
tion, this is easier than counting the minutes firom the right. This 
principle will be carried out also in noting the index error of large 
sextants, taking into consideration the construction of their verniers. 

When the sextant is in proper adjustment, and there is no index 
«rror, the two mirrors are parallel when the index reads 0. 

Should the right hand object be indistinct and difficult to see after 
reflection from the two mirrors, the sextant may be held upside down, 
and the left hand object brought to the right. 

To observe a vertical angle. Hold the sextant in the right hand 
^yith its face to the left, and looking directly at the lower object, bring 
the uppsr object down to it by reflection, turning the milled head 
mth. the left hand. 

If the two objects be at different levels, as S and H, Fig. 65, it 
would be necessary, in order to bring their images together, to liold 
the sextant in the plane of the two objects, as shown. But the angle 
BO measured would be oblique and greater than the required horizontal 
angle. To obviate this error, find by plumb-line, or by estimation, 
some object as C or D, in the same vertical plane as one and the same 
horizontal plane as the other object. Observe the angle between 
and H, or between S and D. 

Or, if the angular distance is small between two objects, which are 
at different levels, as E and S, Fig. 65, the angles between each of 

• This distance is sufficient to render the "parallax" of the pocket sextant 
inappreciable. By parallax is meant a certain error to which all reflecting instru- 
ments are subject, arising from the observer's eye not being always in the same b'ne 
38 the index glass and the right hand object. The parallax is, in fact, the angle 
subtended at the right hand object by the distance between the observer's eye and 
the centre of the index mirror. The maximum of this being about an inch and & 
half in the pocket sextant, subtends only 1 minute at 143 yards, an inappreciable 
•quantity. In large sextants the distance between the eye and the index mirror is 
jsome inches, and as telescopic power and a micrometer are used, a terrestrial object 
selected for finding the index error should be sercral himdred yards distant. 
The sun is generally obserred for the purpose. 
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these and a third point, as D, at a distance of about 90° from then* 
may be oliserved. The difference between these wiU be nearly tlio 
true horizpotal angular distance of ES. 

Most sextants will only meaaare angles up to about 110°. WLon. 
the two objects are at a greater angular distance than the inatmnicnt 
iTill reflect ; measure the angle between each of them and some inter- 
mediate point ; the sum of ijiese will be the required angle. 

Should it happen in observing a trianguJation, that the ret{nir(Kl 
augle ACD, Fig. 66, cannot be measured exactly at, but only near the- 
station G, as, for instance, when the latter is a spire, or a chimney; 
the beat plan is to measure the augle AcD at a convenient point e it* 
one of the lines, and measure the distance Cc. This enables the angle 
to be protracted at a similar point in the plan; the method is only 
suitable for construction and not for calculation. 




The method of pladng oneself on iho lino between two distant poiitte 
lias been previonaly described. 
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Adjustment of the PocJcet Sextant. 



If tlie index eiTor be considerable, it may be removed by adjust- 
ment, thus, 

Set tbe index exactly at on the arc. 

Select a well defined point, such as a cbimney-top, at some dis- 
tance. First, observe whether the direct and reflected images are on 
the same level, if not, apply tbe key K to the square L, Fig. 63, and 
turn it until they are so. The effect of this correction is to set the 
horizon glass truly perpendicular to the plane of the instrument. 

Next, if the reflected image overlaps that seen directly, or does not 
exactly cover it. Apply the key to the square M (Fig. 63), and turn 
it slowly until they coincide. The effect of this correction is to set 
the horizon glass parallel to the index mirror. 

It is generally safer to note and apply the index error in correc- 
tion of observations than to alter the adjustments. 

The advantages of the pocket sextant are its portability and 
accuracy ; ifc can be used on horseback, or in any difficult position, 
such as the top of a tree, where it may be necessary to obtain an obser- 
vation ; it is not affected by local attraction, like the compass. 

Its disadvantages are : It is not of general use, like the compass, 
but can only be employed for observing triangulation, determining 
heights and distances, and observing for latitude ; it cannot be con- 
veniently used for traversing, or the more ordinary operations of sur- 
veying ; any difference of level between the points observed is liable 
io cause error. 

Theory of the Sextant. 

It will be noticed that the actual angle contained between the gra- 
duations and 120 on the arc of the sextant is only 60°. The reason 
for doubling the graduation may be thus demonstrated r-r- 

Fm. 67. 




THE POCKET SEXTANT. Ill 

Let P and X be the distant objects between which the angle PEX 
IS measured ; M the horizon glass of the sextant ; E the movable 
index mirror which was in the position ee, parallel to M, when the 
index was at ; EX was then also perpendicalar to ee. 

Let ER be a perpendicular to E. 

By a well-known principle in optics, the angle of incidence, PER, 
is equal to the angle of reflection, XER. 

From the right angles XEO, REV take the common angle XEV, 
leaving XER = VEO. But PEX = 2 XER or VEO. Hence, the 
ray of light being reflected successively from two mirrors, the total 
angular deviation of the ray is double the angle of the inclination of 
the mirrors. Therefore YEO, though only 15°, is read 30° on the arc, 
Pig. 67. 

For the sake of simplicity, the observer's eye is supposed to be at 
E in the figure. 

EXAMPLSS. 

1. Construct a vernier to read thousands of a scale a foot long, 
divided into hundredths. 

2. Construct a vernier to read 15" on an arc graduated to 15'. One 
degree of the arc is an inch long ; show half the length of the 
vernier. 

3. The scale of inches attached to a mercurial barometer is divided 
into tenths ; construct a vernier to read '01 inch in the reverse 
direction to the numbering of the scale. 

4. Each degree in the arc of a sextant is divided into three parts ; 

the vernier consists of 40 parts ; to what degree of accuracy 
does it read ? 

Interpolating with the Sextant. 

Three points, the positions of which are already marked on the plan, 
must be visible, in order to find one's place in relation to them with 
the sextant. 

The simplest way is by the method of " adjustment '* described in 
connection with the plane table. That is to say, measure the angles 
axb, hxc (Fig. 19) with the sextant. Set ofB these angles with a pro- 
tractor on a piece of tracing paper, and adjust this on the plan so that 
each of the three lines may pass through their respective points, 
A, B, C, Then prick off the position aj, being the observer's plsbce. 

Another method is based on Euclid III, 20. That on the same 
base, or part of the circumference, the angle at the centre of the circle 
is double that at the circumference. 

Eia. 68. 
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Let ADB be three visible points, the position of which is laid 
down. The angles at x are observed. Aa>D 47°, DojB 63®. To find x. 

X is on the circumference of a circle, the angle at the centre of 
which, subtended by AD, is double 47°, or 94°. 

To find this centre. The angles CAD + CDA = 180—94° = 86° ; 
therefore each is 43°. Set ofE this angle at A and D, the intersection 
of the lines fixes C. 

With centre C and radios CD describe an arc Daj. 

In the same manner, to find the centre of the circle Da;6. The 
angle BxB being 63% the angle at the centre will be 63 x 2 = 126°. 

At D and B set off the angle g = 27°, the intersection of 

the lines fixes the centre E. 

With centre E and radius ED, describe an arc intersecting the first 
in the required point x. 

When the observed angle is greater than 90°, the centre of the 
circle will be at the far side of the line joining the points. To find 
it, make the calculation as above for the sv^jplement of the observed 
angle. 

For instance, A, D, B (Fig. 69), being the known points, the angle 
AajD 125° and Da;B 40°. 

To find the centre of the circle DajA, which will be at the far side 
of the line AD, the calculation will be made for 180° — 125° = 55° ; 
then the angle at the centre will be 55 X 2 = 110°, and each of the 



180—110 



— ^5° 



angles CAD, CDA "^^-^"^ = 3 

2 

The construction of the figure is shown in the diagram. 

Fia. 69. 



The accuracy of the construction depends on the arcs not inter- 
secting each other at a very acute angle ; when nearly parallel their 
point of intersection cannot be fixed with certainty. 

This method is troublesome in the field, and, practically not so 
likely to lead to an accurate restdt as the method of adjustment, on 
account of the number of angles that must be protracted. 

The problem is seldom used except for finding a ship's place with 
regard to points on the coast, which are shown on the chart ; an in- 
strument called a ** station fibider " is generally used for the pur- 
pose. 
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Plotting the angles observed with the sextant. 

The accuracy to be obtained by nsing the small ivory protractor 
would be incommensurate with that of the observations made with 
the pocket sextant ; in fact no protractor can really mark the direc- 
tion of a line within 1 minute, a quantity smaller than the finest line 
that can be drawn on paper at the radius of a foot. An error of + or 
— 3 minutes would produce no perceptible alteration in the direction 
of a line laid down with the largest sized protractors, so that a pocket 
sextant measures with an accuracy that cannot be graphically repro- 
duced. 

The most accurate protractors are metal circles graduated like 
the arc of the sextant, and furnished with verniers, which can be set 
by slow motion screws to the required angle, the position of which 
is pricked on the paper by fine points. These are delicate instruments 
not likely to be much used in military surveying. 

The large cardboard protractors are more commonly used for 
laying down the observations made with- the pocket sextant. These 
vary in size from 1 foot to 18 inches diameter, some are graduated to 
I degrees. 

Fig. 70. 




(M. T.) 
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If a small circle about j^fh inch diameter be cnt out of tbe card- 
board at the centre, this can be adjusted to correspond with a 
point and its diameter (360 — 180°) with a line on paper, produced if 
necessary. In laying down a triangulation, this will be the "zero 
lide " from, or to, which the angles were measured (vide Fig. ?0). 

Draw the base in a convenient part of the paper, and on it laj^ 
down the points A, B at their proper distance to scale. 

The first round of angles was observed at A, noted thus — 

Base AB, 1321 yards. 

fFrom B to C 29° 3' 

„ B to D 63° 46' 
a^aJ n B to E 65° 53' 
^^ ^ 1 From B to F 56° 9' 

„ G to B 88° 12'. 

„ H to B 28° 1'. 

Adjust the protractor, as showuj on the zero line AB, its centre 
at A. liay weights on it to keiep it in position, and with a needle^ or ^ 
very finely pointed pencil prick off the position of all the angleSf. 
marking each point with its distinctive letter. Observe that the 
angle BAF being too large to be measured by the sextant, the angular 
distance of F from E was taken. To protract the angle, it is added to 
the angular distiince of E from B, and the position of 122° 2' (56° 9' + 
65° 53') pricked off. 

On the other side of the base the angles are recorded as " to " in- 
stead of " from " B, as the right hand object is brought to the left in 
observing with the sextant. This necessitates counting the degrees 
in the reverse direction on the protractor (see figure), unless, as is 
sometimes the case, the graduation is numbered both ways on it. 

The protractor is now taken up, and the lines produced to an in- 
definite length through the marked points with a perfectly straight- 
ed^d ruler. 

The next round of observations is noted thus — 

fFrom A to G 25° 10' 
„ A to H 63° 2' 
. . 5 j „ C to A 76° 50' 
^^ ^ i „ D to A 58° 3' 

E to A 29° 28' 
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F to A 18** 17'. 



The protractor is now adjusted at B, as shown, BA being the aero 
line. The position of the angles being pricked off, the lines are pro- 
duced to intersect the relative lines di^wn from A, the stations so 
determined are then surrounded by a small circje and lettered. 

For the next round of angles observed at D, as noted below, the 
zero line was DA, and the protractor must be adjusted as shown — 



At 



"From F to A 32° & 
„ N to A 75** 54' 



D < „ M to 
I „ L to 
L „ J to 



A 92" 37' 
J to K 37!?* 8'. 



The bearing of one of the sides of the triangles. should be ob- 
served with a prismatic compass, sotfchat the meridian may be shown 
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on the plan. To lay down the magnetic meridian, adjust the pro- 
tractor at the point at which the observation was made, with the 
ol>served degree of bearing coiTesponding with the observed line. 
The diameter of the protractor is now N and S, and its position may 
be pricked off. 

The sextant is very useful for setting off a perpendicular to a line 
in the field. Set the index at 90° ; stand with one of the given points 
between the toes, and find some object, as distant as possible, belonging 
to the perpendicular (that is, coinciding by reflection in the horizon 
glass with the point marking the other end of the given line). 

The distance of an inaccessible object can be quickly and easily 
found with the sextant. 

Let A be a point on one bank of a river,- B a bush or other object 
on the further bank. To find the width of the river. Find a distant 
object, C, perpendicular to AB, as described. Set the index at 45°, 
and move along AC until the point D is found where AB subtends 
this angle. Measure DA, equal to AB. 

A table of tangents is given further on, showing a number of other 
convenient angles besides 45°. N'ot to burden the memory it will be 
sufficiont to mention 26|** and 63^°. 

Fio. 71. 




If the index be set to the former, and the problem performed afti 
beforei the point F will be found ; AF = ^ AB. 

Using 68i^ the point E will be found ; EA = 2 AB. 

By the same problem the heights of buildings on level ground may ' 
be found. Supposing AB (Fig. 71) to be the vertical wall of a 
building, and AG to be level ground. Make a mark on the wall at 
the height of the eye, set the index at 45^, and move back until this 
mark and the top of the building coincide in the horizon glass ; the 
distance from this spot to the building is its height, minus the ob- 
server's height. The angles 26^° or 63^° may be used, as before, if 
more convenient than 45 . 



(m. t.) 
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SECTION XIV. 



THE THEODOLITE. 

The theodolite is used for the accurate measurement of horizontal 
and vertical angles. 

The instrument is designated by the size of the horizontal plate 
H. PI. IX, whence the ordinary pattern is known as the 5-inclj theodolite. 

This plate is divided into degrees and half degrees, read by the 
vernier to minutes, similar to Fig. 62. 

Larger instruments are graduated more minutely. 

When the instrument is levelled this plate has freedom of motion 
in a horizontal plane. It can be locked by the flat-headed screw L, 
beneath it, which clasps a collar round its axis ; after being clamped, it 
can be moved slowly by the milled-headed screw I, These are called the 
lower clamping screw and lower micrometer, or slow motion screw. 
All the micrometers should be kept nearly ** middled," or half way 
through their nuts. 

On this plate revolves the vernier (or upper horizontal plate), the 
position of which is regulated by the upper clamping screw U and the 
upper micrometer u. At opposite sides are two verniers, by means of 
which is read the angular distance through which the upper part of 
the instrument has moved on the horizontal plate. 

The vertical arc V moves, when the instrument has been levelled, in 
a vertical plane. Its clamping screw is indicated by C, and micrometer 
by c. One side of the vertical arc [not seen in the diagram] is gradu- 
ated similarly to the horizontal plate, and its position is read by the 
fixed vernier Z. The other side of the arc is graduated to read the 
percentage of deduction to be made from distances measured on a 
elope, to reduce them to their true horizontal lengths (or difference of 
bypotheneuse and base). 

The vertical arc carries the telescope, which is laid in two Y-shaped 
supports, the arms of which are tangential to cylindrical rings round 
the tube. It is held in position by clips hinged to the Y's. These 
CRU be opened when it is required to take ofE the telescope. 



The Telescope. 

The telescope is provided with hairs, crossing at right angles to 
each other inside the tube. These hairs are placed in such a position 
as to be easily brought to the common focus of the object glass and 
the eye-glass. 

To focus the telescope, first draw out the eyepiece until the hairs 
crossing in the centre of the tube can be seen clearly defined. Next 
turn the screw F, moving out the object glass until the distance is also 
in distinct vision. The cross hairs are focussed first, because the 
alteration of the object glass does not affect them. Much depends on 
the nice focussing of the cross hairs; to test it, the eye should be 
moved about the eyepiece from side to side ; if the intersection of the 
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cross hairs clianges position slightly with regard to the distant object, 
it shows the existence of " parallax," and the eyepiece mast be moved 
in or out, until this is corrected. 

The compass box is divided into 360**. The graduation is carried 
from right to left, contrary to that of the horizontal plate ; bo that 
when the telescope is directed on the distant object, the needle (remain- 
ing stationary) indicates its bearing or magnetic relation (Fig. 72). 

Fio. 72. 




There is a trigger outside the compass box, by which the needle may 
be lifted when not in use, so as to save the point of the pivot from 
wear. 

The theodolite may be briefly described as having three movements, 
two horizontal and one vertical. 

1st. The absolute horizontal movement of the whole head, controlled 
by the lower clamping and micrometer screws. 

2nd. The movement of the vernier plate relative to the horizontal 
plate, regulated by the upper clamping and micrometer screws. 

3rd. The vertical movement of the arc carrying the telescope, con- 
trolled by the vertical clamping and micrometer screws. 

To set up the theodolite, grasp the instrument round the base SS in 
the left hand, and screw the tripod legs into it with the right. Or set 
up the tripod, nnclamp the lower clamping screw, hold the instrument 
steady by the horizontal plate, and screw the lower part down on to the 
legs. The telescope shoald not be touched in revolving the theodolite. 
The strongest paiis should be handled ; for horizontal movement, the 
edge of the horizontal plate ; for vertical movement, the vertical arc 

There will generally be a mark on the ground, over which the 
instrument is to be set up. The legs should be about a yard apart, 
and moved about until a pebble can be dropped from the vertex on to 
the mark, or a plumb line may be used for the purpose. The base 
plate P should be set fairly horizontal, else it will be found impossible 
to level the instrument. It is only possible to set up a theodolite on 
the side of a steep hill by placing two of the legs on the same level, 
and the third up hill. Each leg should be pressed firmly into the 
ground. In moving round the instrument, care must be taken to 
avoid kicking it, the legs of the theodolite must not be touched with 
the hand whilst observations are being taken. 

The instrument is levelled by means of two pairs of conjugate 
screws, IS. The effect of moving these screws is observed by the two 
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spirit levels B, on tlie horizontal plate. Loosen tlie lower clamping 
screw ; revolve the head of the instrument, so as to place each of these 
spirit levels parallel to a pair of levelling screws, in order that thej 
jDoay be acted npon to the best advantage ; this is the case when the 
vertical arc is in the same vertical plane as a pair of levelling 
screws. Work these, one np the other down, simnltaneously, by tnm- 
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ing both inwards, or both ontwards. There is a good deal of knack 
in this operation ; force must not be used, bnt the bottom of each 
jscrew mnst press sufficiently firmly on the base plate to keep the head 
from rocking. As soon as the bubble of this spirit level is nearly 
centred, operate npon the other level by the other pair of screws ; 
this will probably disturb the first somewhat, and necessitate its being 
re-levelled. 
, ' The flcrews sometimes become jammed, so as to be difficult to 

move, either because one of the opposite pair has been overforced, in 
inrhich case it should be eased ; or because the base plate has not been 
placed sufficiently level in setting up the legs. 

Instruments that have been bandied by beginners .Are usnally 
ptrained, and are difficult to level without applying an injurious degree 

-td forcQ. After a little practice the operation of levelling can be per- 

^ formed -in Itbcnt one minute. 



MSASTJREMBNT GT-1BX3VIZOVTAL ANGXiBS. # 

The theodolite being: set up at the point of observation, And 
Jevellfid, the three clamping screws are. released. and the telescope 
iloeiifsed. 

The angles are mesaured from left io right, corresponding with the 
direction in which the horizontal plate is numbered. 

. Place ithe index of .the vernier, which is under the eyepiece .of the 
^jidesoope in ooincidenee with of the horizontal plate. 

Fix the plates together by the upper clamping screw. Examine by 
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the maguif jing glass, and perfect the coincidence by the upper micro- 
meter. It may here be remarked that, in using the magnifying glasB, 
care must be taken to look perpe^idicularly at the graduation, the effect 
of viewing it obliquely might possibly occasion an error of somo 
minutes. 

Now turn the telescope (and the whole head of the instrument) on 
the object from which the angular distance of the rest is to be 
measured ; clamp the lower claniping screw, and perfect the coinci- 
dence of the intersection of the cross hairs with the object by the 
lower micrometer. The lower screws are not to be touched again. 

Before proceeding further, see that the vernier still reads on the 
horizontal plate. 

Loosen the upper clamping screw, and turn the telescope on the 
next object to the right : clamp and effect perfect coincidence by upper 
micrometer. Read the degrees and minutes by the same vernier 
which coincided with on starting. The opposite vernier should also 
"be read, and the mean of the number of minutes adopted. 

A difference in the two readings may arise from incorrect gra- 
duation of the circle ; or from the axes of the plates not being cylin- 
drical, but elliptical, or slightly flattened ; or from the axes not being 
concentric with the circles they carry (hence known as " eccentricity," 
very frequently caused by a fall) ; or from these plates not being 
exactly circular. 

The telescope is, in like manner, turned on each object in succes- 
sion, until the circle is completed. Lastly, on the original or "zero " 
point, when the vernier should be examined, to see that it has returned 
to 0. The weight of the observer on soft ground may have disarranged 
the original position of the instrument, or it may have " given *' a 
little during the observation. 

Should great accuracy be required, the round of angles may be 
again measured, this time commencing indifferently, from any part of 
the horizontal plate, such as 120° or 240°, instead of 0°. The true 
angular distances can be found by subtraction. 

When only one angle is to be very accurately measured, a still 
more perfect method is to observe it by repetition. After having 
observed it in the usual manner, leave the two plates clamped together, 
and turn the whole head of the instrument back on the zero point, by 
the lower clamping and micrometer screws ;. now by the upper clamp- 
ing and micrometer screws bisect the right hand object ; the recorded 
angle will be twice the actual angle. The operation may be repeated 
three or four times ; in this case it is only necessary to note the last 
reacUng, and divide it l?y the number of observations. 



To OBSEEVB THE BEABlNQ. 

To observe the bearing of an object, bisect it by the cross hairik, 
and read the degree in the compass box to which the needle points. 
If the telescope has been placed in the Ys, with its eyepiece over 
vernier A, the north end of the needle will point to the bearing. The 
legs should be lightly tapped, so as to shake the needle. 

In consequence of the position of the needle and the width of its 
point compared with the graduation of the compass- box, the bearing 
can only be an approximation within 15 minutes or so. As the 
accuracy of any method of observing the bearing with the theodolite 
must wholly depend on observing the degree to which the needle 
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points at some stage of the operation, nothing would be reallj gained 
hy employing any method, in which the apparent accuracy is founded 
on the superior graduation of the horizontal plate. 



To OBSEBYE YEBTICAL ANGLES WITH REFERENCE TO THE HORIZONTAL 

PLANE. 

Supposing the instrument to be in proper order, and all the adjust- 
ments correct, as presently described. The relative position of the twa 
horizontal plates is immaterial, but they should be levelled. 

Direct the cross hairs on the object by the vertical clamping and 
micrometer screws C and c, Plate IX, and read the angle indicated by 
the vernier Z on the arc. 

This vernier is numbered from both ends, in order that it may be 
read in the same direction as the graduation of the vertical arc^from 
outwards. 

Fia. 74. 




Thus in Fig. 74, the index of the vernier would bo considered to 
be at its right end, and the minutes would be counted on the lower set 
of figures. Whereas, if the telescope were pointing downwards, the 
vernier would be read from left to right. No general rule can be laid 
down such as that for angles of elevation the vernier reads from left 
to right, and vice versa ; for if the telescope, as shown in Fig. 74, were 
to be removed from the Ys and reversed, end for end, what had been 
an angle of elevation would be one of depression. 

This would be sufficient for a rough observation, the instrument 
being in good order. For greater accuracy revolve the telescope 
in the Y's, so as to bring the spirit level uppermost ; bisect the object 
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again, naing micrometer e; note tlie angle, a.nd take the meau of tlie 
two observations. Thia will eliminate " collimation error " (presently 
described). 

For it is evident that with the ordinary position of the telescope 
A, Kg. 75, the line a will be as much helow the trae asial direc- 
tion at as will be the line h above it, when the telescope is revolved 
to position B. 

" Index error" (described farther on) has also to he eliminated in 
observing verticle angles. Having noted the mean of the two read- 
ings, taken as above, open the ci^s, take ont the telescope, and reverse 
it m the Y's ; repeat the two observations with the spirit level above 
etad below the telescope. Finally, adopt the mean of the two corrected 



Thns it is necessary to take fonr observations for a, perfect measnre- 
ment of the vertical angle, with reference to the horizontal plane of 
the instrnmeat. 

Properly speaking, this observation is subject to a f nrther correc- 
tion for refraction. 

Thk parts of the Theodolite, avd thbir adjitstments. 
The Diapkram. 

The optical or longitndinal axis of the telescope may he termed the 
" line of collimatioQ,"* The intersection of the cross hairs, marking 
the centre of the tube, shoald correspond exactly with this line. 

The cross hairs are spiders' thread attached to a metel ring or 
diaphram, the position of which can be regulated in the tnbe of the 
telescope hy means of four capstan headed screws, o, 6, c, d (Fig. ?6), 
which pass loosely through ulots (S) in the tnbe, so as to allow the 
diaphram te be moved sideways as required. 

These slots are each covered by a small plate to ezclnde dirt. 

If it be wished to move the diaphram towards "b," loosen the 
screw " a " to give freedom of motion, then by screwing " b " into 
the diaphram, the latter is drawn towards that aide of the tnbe, the 
slots at ed, allowing the sideward morement. Before screwing into 
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the tube, be careful to loosen the opposite screw, else the tnbe will bo 
indented, or the diaphram strained. So force mnst be need, bat all 
a^'ustments most bo delicately effected. 

* Then ore ihadat of diSfaraice betiraen the Fiwffiingi ■< 
varioiu authoriliM. "" — - ' ... 

eiplioit. 



122 ADJUSTMENTS. 

To replace a hair when broken ; remove the diaphram from iihe 
telescope, by taking out the screws a, h, c, d, and the eye-piece. 

Wind up a spider by its thread, on a forked stick — its weight will 
be snfficient to stretch the web. Put a little glue or shell-lac on the 
diaphram, and apply the thread carefully to the marks which are cUt 
on it, to shcTw the diameter. 

Adjustments. 

To examine the adjustment of the line of collimation, 

Select a clearly defined distant point, or make a dot on the ^viraU ; 
direct the telescope on this — clamp all three clamping screws, atld 
bring the intersection of the hairs exactly on the object by the upper 
micrometer u and the vertical micrometer c. 

Now revolve the telescope in the Y's. If the intersection continues 
to coincide with the object, the adjustment is good, bat if it deviates 
from it, correction is necessary. \ To effect this, revolve the telescope, 
so as to intersect the object by one of the hairs vertically ; then re- 
volve it a half circle, so as to reverse the position of the same hair — ^Jf 
it appear now at one side of the object, the diaphram must be moved 
also to the same side, because the real deflection is inverted in the 
telescope. Bring it thus lialf way towards the object, the other half 
by the micrometer u. Again revolve the telescope to its former 
position, and repeat the operation. Now proceed with the adjustment 
of the other hair in a similar manner. 

A few repetitions of each adjustment will probably be necessary 
before the error is wholly removed. 

Adjustm£nt of the Telescope Level. 

The spirit level attached to the telescope must be parallel to the 
corrected line of coUimation both horizontally and vertically. To ex- 
amine the parallelism, open the clips which hold the telescope in its 
Ys, bring the bubble to the centre by the vertical clamping and micro- 
meter screws, and clamp firmly. Remove the telescope carefully from 
the Ys, without disturbing the arc, replace it, but reversed " end for 
end *' (that is, with the eyepiece, where the object glass was) ; if the 
bubble returns to the centre, no adjustment is required. 

For adjustment, this spirit level may be raised or depressed at one 
end by two nuts, A and B, Fig. 77, following each other on a screw 

Fig. 77. 




and holding between them P, which projects from the case of the spirit 
level.) If the bubble on replacing the telescope in the Y's, be found at the 
E end, then D requires raising. The upper nut A must be run np 
the screw to give room, and is followed by B until the bubble ifl 
brought halfway to the centre , the remaining half by the micrometer 4w 
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Now again lift the telescope and change it, end for end ; if neces- 
sary repeat the operation nntil the reversal of the telescope prod aces 
no effect on the bubble. To examine its vertical paralleliam to the 
line of collimation, revolve the telescope a little (about ^th of a 
revolution) when the bubble will, if the adjustment be incorrect, move 
from the centre! To correct it, there are two adjusting screws 
(F, Fig. 11^ and a similar screw on the opposite side) by means of 
which that end of the spirit level may be moved sideways. 



Index Brror, 

Index error implies that when the bubble is brought to the centre 
of a properly adjusted spirit level as above described, the index of 
the vertical vernier does not point to on the vertical arc, the upper 
horizontal plate having been levelled. 

It is usual to read and take note of the amount of this error, and 
apply it in correction of observations. A little consideration will 
show how it is to be applied ; for instance, if it be found that tho 
vernier instead of 0, reads 10 minutes beneath 0, as represented 
Fig. 78, it is evident that all angles of depression will read 10 minutes 
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HORIZONTAL PLATE 



too much, and apgles of elevation 10 minutes too little, so that this 
quantity must be applied in correction accordingh^. But if the 
telescope happens to be oppositely placed in the x 's, end for end, 
then 10 minutes must be deducted, from angles of elevation, and vice 
versa. 

To find the index error more exactly, intersect a well-defined 
object by the cross hairs : note the vertical arc reading. Open the 
clips, revierse the telescope end for end in the Y's, and repeat the 
observation. Half the difference between the readings will be the 
index error. 

* The correction of index error may be effected by loosening the 
screws which fasten the vernier, and shifting it sideways as required, 
then tightening them again. The sideward motion is permitted by 
slots', cut in the vernier, through which the screws pass loosely. 
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Adjustment of the Vernier Plaie Levels, 









The levels on the upper horizontal or vernier plate are tUmallj 
fastened to it bj capstan-headed screws at each end. *■ 
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To examine the adjustment. Place one of the spirit levels In 
position to be acted upon by a conjugate pair of levelling screws^ and 
bring the bubble to the centre in the usual way. Now revolve' the 
vernier plate, so as to place the same spirit level at the apposite side of 
the circle ; if the bubble does not return to the centre, adjnstqTent is 
necessary. For instance, if the bubble be at X, it shows that that 
end of the tube is too high, therefore turn the screw A into the - plate, 
which will lower it, or screw B out of the plate to raise the other end. 
Bring the bubble thus half way to the centre of the tube, the remain- 
ing half by the levelling screws. 

Bevolve the plate again to its first position, and repeat the adjust- 
ing process if required. It will be observed that by revolving the 
plate the spirit level is changed " end for end." 

Now examine the other spirit level and correct it in a similar 
manner. 

When in proper adjustment, the bubbles will remain centered 
during a complete revolution of the horizontal plates of the instru- 
ment. 

Vertical Movement, 

The vertical arc should move only in a vertical plane wh^ the 
instrument is levelled. To test this, observe if the intersection In the 
cross hairs follows a plumb-line hung from a height. 

The necessary correction can only be effected by an instrument 
maker. 

If the levelling screws be all run upwards, it will be found that the 
head of the instrument is loose, and has a certain amount of Jplay, 
being connected with the base plate by a ball and socket joints per- 
mitting its being levelled, although the base plate may not navQ been 
Bet up truly horizontal (Fig. 80). 

The hinges of the legs work loose in time, and require tightening 
np with a tumscrew, as do also the wood screws. 

The adjustments described should not be practised with an in- 
strument to be used for accurate work. 

The operator should act deliberately, and be certain of the ^ect 
of the alteration he proposes before proceeding with it. 

Consideration will show, that by a little ingenuity, the theodolite 
might still be used were any two of the three spirit levels broken^ 
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The theodolite above described is of the ordinary type commonly 
used. Improvements have been made in later patterns ; 5-inch instra- 
meats are now accurately graduated to read 30 seconds or less ; the 
levelling is effected by three independent, instead of fonr, conjugate 
screws ; lines engraved on glass are sabKtitated for the spider hairs, 
and in many other respects the mechiuuBm is improved. 
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SECTION XV. 



LEVELLING. 



lievelling may be described as surveying in a vertical plane, it's 
object being to measure the difference of level between poin^, in con- 
nection with the construction of roads, railways, canals, &c. ; or to 
obtain the data for drawing correct sections of the groimd. 



Thb Spirit Level. 

Of several patterns of this instrument it will be sufficient to 
describe the Y spirit level, the telescope of which rests in supports 
similar to the theodolite ; it is levelled by means of two pairs of con- 
jugate Bccews L, which have their bearings* in -the. .base^ -platei : whilst 
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their heads act against the upper plate. The upper plate of the in- 
strument is connected with the lower by a ball and socket, as in the 
theodolite, and the telescope can be turned in any direction, and its 
position adjusted by the clamping screw and micrometer M. 

There are usually two vertical cross hairs, and one horizontal, 
attached to a diaphram, which may be adjusted in the usual manner. 

The spirit level is longer and more sensitive than that of the theo- 
dolite, the arrangements for adjusting its parallelism to the line of 
collimation of the telescope are similar to that instrument. 

A magnetic needle in a graduated compass-box is set on the bar 
which carries the Ys — by its means the direction of the observations 
can be registered. 

The only adjustment that differs from those already described is 
that by which the telescope is set at right angles to the vertical axis, 
so that when levelled it may move in a hori:9ontal plane only. This 
is done by means of the screw S, which raises or lowers one of the Y 
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aupports. To examtno the adjnBfxaent, place the telescope over a ptic 
of levelluig Bcrews and bring the bnbble into the centre of its ran by- 
their means ; now tnrn the teleeoope ronnd, bo as to reverse the spirit 
level '.' end for end." If the bubble does not retam to the centn^' 
bring it . there, half hy the screw S, and half bj the baae lerelling 

Again reverse the telescope, and repeat the adjustment until ctnw 
root. Next tarn the telescope at right angles to this position, and 
level it b; the pur of lerelHng screws now nnder it. The babM*' 
shonld now remoin centered, whatever the direction of tha telesoope' 

For accnrate leyelling the mean of the readings should be noted^ 
obserred with the spirit level above and below the telescope. 

Tbb Letelliko Staves. 
There is a ^eat variety of these, bat all are divided into feet antH 
Fm. Si. 




128 



LEVELLING FOR SECTIONS. 



decimals of feeh, and are usnally 14 feet long, closing ielescopioally in 
three joints. 

The method of reading the nnmbers on the pattern (Fig. 82) is 
shown. 

The distance at which these marks can be read, varies with the 
state of the weather ; nnder favourable circumstances they are visible 
up to 250 yards, with an inverting eye-piece. 

The staff is to be held perfectly upright — in fine reading, the staff 
bearer should sway it slowly to and from the observer, when the 
lowest reading will be correct. 

Suppose the spirit level to be set up at A (Fig. 83), directed on 
the levelling staff at B, and the figure noted which is cut by the hori- 
zontal hair. This figure would be the difference of level between A 
and B, minus the height of the telescope above the ground (which 
might be measured and deducted). If the distance between the points 
were under 300 or 400 yards, the correction for curvature and refrac- 
tion presently described would be inappreciable. 

Suppose another staff were held at C and the telescope directed on 
it, the difference between the readings of B and would evidently be 
the difference of level between these points, independently of the height 
of the spirit level above the ground, common to both, and if C and B be 
equidistant from A, they would be equally affected by curvature and 
refraction, which might therefore be ignored. Any error of collima- 
tion in the telescope would also be common to both observations, 
and would be eliminated in the same manner. The levelling staff 

Fig. 83. 
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Yertioal scale to horizontal, as 13 to 1. 

might also be held at F, G, &c., and the readings noted. It would then 
only be necessary to measure the horizontal distance between these 
points in order to obtain the data for drawing a correct section of the 
ground. If it were requfred to continue the levelling beyond G, the 
spirit level would be carried forward and placed in such a position H, 
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and at such a height that it might intersect some part of the staff at 
G, care being taken not to alter the position of the foot of the latter 
meantime, but merely to turn it with its face towards the spirit level. 

In the operation represented (Fig. 83), the levelling commencing" 
at F and proceeding forward to the right, F would be called the back 
staff, G the forward staff, and E, and B would be intermediate. 

On setting up the level at H, G would become the back staff, those 
to its right would be intermediate, and the last place at which the 
staff could be held, before it would be necessary to carry the spirit 
level on, would be the forward staff. 

The spirit level must be placed with judgment in such a position 
as to command a good view of the ground over which the section 
passes; it need not of course be placed on the line, but it should 
be nearly equidistant between the places of the back and forward 
staves. 

The following form of levelling field book will be found generally 
convenient : — 
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Kemarks. 



Assumed. 



When the back reading is greater than the forward, the lattei* 
must evidently be the higher ground, and the difference is entered in 
the column " rise," and vice versa. 

The distance of all intermediate points are measured inclusive from 
the starting point. 

As to the column " reduced levels," it is usual to assume a datum 
level, or imaginary line to which all the vertical measurements are re- 
ferred. The entries in this column show the heights with regard to 
this line. Some even number of hundreds of feet is generally taken, 
and it is convenient that the datum level should be lower than any 
part of the section, so that all the measurements may be taken above 
it, as shown in Fig. 83. 

In the Ordnance Survey of England the datum to which all the 
altitudes refer is mean high water at Liverpool. In military surveys 
inland there would be no particular object in referring to sea level. 

The datum in the above register is assumed at 100, and in the 
column " reduced levels " the height of each point is noted with 
reference to this, obtained by addition to, or subtraction from, the 
" reduced level " of the back staff. 

Thus all the " reduced levels '* of station A are simply the entry 
" rise " or " fall " added to, or subtracted from, 100. 

(m. t.) I 
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In the observations belonging to station H, the " rise ** or " fall " 
would be added to or subtracted from 93*27, the " reduced level " of 
tbe back staff at G-. 

The columns " rise," " faU," and " reduced level," may be filled 
in at leisure. 

The staves are called " back " and " forward " in reference to 
their relation to each other on tbe section line, not as regards l^e spirit 
level, which might be before or behind botb. 

In measuring tie distances, the deduction due to tbe degree of 
slope should be made before entering th^m in the register. When 
the slope is less than 3 or 4 degrees the deduction is so small that it 
may usually be- disregarded. The simplest way of obtaining the true 
horizontal distances is by means of the Watkin clinometer, as 
explained in connection witb measurement of a base. 

Should the object of the operation be merely to find the total 
difference of level between two places, this is obtained by taking the 
difference between the sum of the " rises " and the sum of the **^falls " 
of the back and forward readings only, omitting the intermediate 
readings. 

In extensive levelling operations it is usual to leave permanent 
marks called ^^ bench marks," on objects such as mile stones and 
walls, and to record for future reference the exact height of each 
mark. In the later Ordnance Survey sheets the levels of the various 
bench marks are figured with their height in feet and decimals above 
mean high water at LiverpooL 

The bench marks in England are of this pattern, /^, cut about 
half an inch deep. 

To DEAW THE SECTION. 

Draw a horizontal line to represent the datum level ; on this set 
off the horizontal distances between the points, to scale. 

In the example. Fig. 83, ¥ was the starting point, so that the 
distances of the points belonging to station A, measured incluswelj 
from F to G, are set off as shown, from / on the datum line. 

To obtain the position of the surface of the ground or form of the 
section, erect perpendiculars at each of these points, and set off on 
them the lengths taken from the column "reduced level." Join these 
points F, E, 0, &c. 

The vertical scale is generally assumed much larger than the 
horizontal, so as to show clearly the undulations of the ground. 



PsSPABIira A LEVEL SITE. 

It is sometimes required to level a site for some purpose on imeveii 
ground. For this operation prepare a number of stout pickets of 
various lengths. Set up the spirit level near the place, and at saeh 
a height that the telescope may command a plane passing close- abore 
the highest part of the site. Let an assistant hammer a short pidcet 
flush with the ground at the highest part, then hold a pole perpen- 
dicularly on the top of i^e head of this picket. Direct the horizontal 
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liair of the spirit level on this pole, and let the assistant make a mark 
on it at the corresponding height. The assistant now hammers in 
pickets at difEerent places as required, nntil the horizontal hair inter- 
sects the mark on the pole held on- the head of each. All these are 
now on the same level, and workmen can be directed to excavate or 
fill np to a similar distance below the heads of each. 

If good judgment be used, the height decided npon will be such 
that the cutting will equal the filling. 

The levelling staff may be nsed instead of a pole, the height being 
noted at which the horizontal hair intersects it. 



Levelling with the Theodolite. 

The theodolite may be used for levelling when a high degree of 
accuracy is not required. The adjustment of its telescope spirit level 
must be perfect. 

The telescope should be always revolved in the Y*s, and the mean 
of the readings on the staff noted, so as to elimiuate collimation error. 

Sections of ground may be taken with the theodolite more expe- 
ditiously, though less accurately than in the manner described with 
the regular spirit level, Thns— 

Fig. 84. 




Let the theodolite be set up as shown in the figure, its tele- 
t3Cope directed parallel to the general slope of ^he hill. Observe this 
vertical angle with all precautions for accuracy proper to the opera- 
tion. 

Keeping the telescope clamped in this position, note the sncces- 
sive readings of a levelling stalE held by an assistant at the various 
points which will best define the irregularities of the section ; the 
height of the theodolite and the horizontal distance between these 
points being measured, a section can be drawn thus. 

Draw the horizontal line passing throngh the telescope. Protract 
the observed angle of inclination (as shown in the figure). On the 
horizontal line set off the measured distances to scale. Draw perpen- 
diculars from these to the hypothennsal line. Beneath the points thus 
found, set off the staff readings, being the level of the ground where 
the foot of the staff stood for each observation. 

Should the staff be so distant that the markings are illegible, a 
system of signals can be agreed npon, so that the assistant can move 
a visible mark along the face of the staff nntil signalled correct, the 
assistant can then note the reading. 



(m. t.) 
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OURVATUBE AND EeFBACTION. 

The plane AA, Fig. 85, or the " apparent level " observed with the 
spirit level, is a tangent to the earth's surface at the point O, as is the 
plane BB at the point 0, being perpendicular to the earth's semi- 

Fio. 85. 




diameter. Two or more places are said to be on the same level when 
they are equally distant from the centre of the earth, as D O 0. 

Hence the true level is not a plane, but a curve concentric with the 
general figure of the earth. The quantity DD, the difference between 
the apparent and the true level, at the distance OD is known as the 
" curvature," the excess of the secant of the arc of distance above the 
radius of the earth. 

By the property of the circle, curvature is equal to the square of 
the distance between the places, divided by the earth's diameter, 7916 
miles. 

The curvature at the distance of one mile is then ^^■,,. mile = 

7916 

8*004 inches. 



At 2 mUes, ~A^ or 32*016 inches. 

At 10 nules, ^ or 66*7 feet. So that, rejecting the decimal 

quantity, the curvature in feet is seen to he equal to ^rds of the square 
of the distance in miles, an easily remembered formula for calculating 
the amount at any distance. 

Refraction. — The course of a ray of light is diverted downwards in 
an increasing curve in passing from above through the denser atmo- 
sphere near the earth's surface. Its effect known as " refraction," is 
that a distant object appears to be higher than it really is. The 
nearer the object is to the horizon, the greater the refraction ; thus, 
the sun may be seen above the horizon after it has really sunk 
beneath it, the maximum horizontal refraction being nearly 34 
minutes. 

The causes which produce refraction such as heat, cold, humidity, 
exhalations, <fec., being variable, no certain rule for its correction can 
be adopted ; in astronomy, tables are used giving the mean refraction 
for varions degrees of elevation. 

In levelling operations, a rule that will nearly correct for horizontal 
refraction, is ; deduct ^th from the curvature found as explained. 

Thus, the approximate combined correction for curvature and re- 
fraction for 10 miles is 66 ^ = 57| feet. 

o 

The effect of curvature is evidently to make objects appear less 



CUKVATURE AND REFRACTION. 



133 



elevated above the true level than they really are ; or, in the case of 
angles of depression, more depressed beneath the true level than they 
really are, so that in the former case the correction must be added, in 
the latter subtracted. 

Kef raction is always a minus quantity. 
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SECTION XVI. 



CONTOURING. 

The troie contoiurd of ground may be required for miliianr purposeB' 
in connection with road making, fortificatioD, inundations, &c. 

The vertical interval at which the contours are to be traced, 
having been decided, the first operation will be to plant a set of 
pickets or " initial points '* at this difference of level, on a sedbion line 
termed the " initial line.'* 

The position of the highest or the lowest initial point will be 
marked by a pole, and another pole, or flag, will be placed in the dis- 
tance, marking the direction chosen for the initial line (usually on a. 
waterahed). • 

Fia. 86. 




Let the vertical interval be 20 feet, and the first initial poin€ 
placed at the top of the slope a, Fig. 86, the levelling staff is held here, 
and the spirit level or theodolite placed so far down the slope that the 
telescope, when levelled, may intersect it near the ground. The 
reading is noted, say 1*5. The staff is now carried down hill as far as 
possible, without passing beneath the plane of the telescope; the 
reading being now, say 13*5, the staff is below a, 13*5 — 1*5 = 12 feet. 

A further fall of 8 feet is required to complete the 20 feet ; the 
foot of the levelling staff is kept in its present place, but its face is 
turned round ; the spirit level is again carried downhill, placed below 
it, and the staff read, say, 2*3. The staff is now moved down the 
slope until the telescope reads 2*3 4- 8 = 10*3. This point .being 
found, is marked by a picket, the initial point b, ^ -smll 

The same process is repeated until all the initial points have been, 
placed. 

To avoid error the staff readings should be registered, thus :— 
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When the position of the initial points is to be measured from the 
foot of the slope, upwards, the spirit level, or theodolite, is placed on 
each occasion so much dbove the Staff that the telescope may intersect 
it near the top. 

The initial points being fixed, the direction of the initial line is 
observed either with reference to some other known line, or inde- 
pendently, by its bearing. The horizontal distances between the 
initial points are then measured with the chain, the deductions due to 
slope being made. 

The levelling of the first contour is now proceeded with. A position 
is found for the spirit level, within half a mile or so, whence it will 
command an uninterrupted view of the ground on which the contour 
will lie. This place must be at such a height that the telescope, when 
levelled, may intersect the levelling staff held at the initial point. 

The staff now used should have a horizontal piece, or vane, which 
can be moved up or down upon it, and firmly fixed. A pole with a 
similar mark visible at long distances will answer the purpose, as the 
numbers on the staff are no longer required. 

Signals will have to be agreed upon by which the observer can 
communicate witl the staff-bearer, as they will seldom be within 
hearing of each other. 

The telescope being levelled and directed on the pole, the observer 
signals to the assistant to slide the mark along it until it corresponds 
with the intersection of the cross-hairs. It is firmly fixed .in this 
position. 

The staff-bearer now moves along the contour, placing pickets at 
the points which best define its shape ; that is to say, at the extremes 
of the salient and re-entering bends. When he judges himself to be 
near the proper level, he will hold the pole perpendicularly and look 
to the observer at the spirit level, who will signal to him to move up 
or down hiU until the mark again coincides with the cross-hairs, 
then the foot of the pole will be on the same level as the initiiEj 
point. 

Should the contour pass round the shoulder of a hill, out of sight 
of the telescope, the instrument must be moved to a fresh position. 
The pole is held at the last picket fixed ; the spirit level, or theodolite, 
carried to the new position, set up, and the telescope directed on the 
pole. The observer now signals to the staff-bearer to move the majrk 
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and fix it again 'on the pole at the intersection of the cross-liairs of the 
telescope, as at starting; the picketing of the contour is then pro- 
ceeded with, as before. 

In contQuring a small piece of ground, the theodolite may be 
placed so near as to discern the figpires on the ordinary levelling staff. 
In this case the figure which the telescope intersects on the staff 
placed at the initial point will be noted, and in placing the contour 
pickets the staff bearer will be signalled to move up or down hill, until 
this figure is again intersected. 

The number of pickets required will depend entirely on the 
intricacy of the ground and the size of the features. 

The surveying of the contour pickets is performed in the manner 




employed for all irregular lines. A travei*se line in £he general 
direction of the contour is observed, from which perpendicular ofisets 
are taken to the pickets. 

Thus, contour /, Fig. 87, is commenced at the initial point, and 
surveyed by the traverse lines 1, 2, 3, with offsets to the pickets, as 
shown dotted. 

As a check on the accuracy of the work, both as regards the levels 
and the survey of the pickets, a second initial line H/ may be taken ; 
H being placed by observation at the same level as a, and the process 
of placing the initial points h\ c', d\ e',/', being carried out indepen- 
dently of those on the other initial line. The distance and direction 
of H from a, also the direction of H/', and the distances between the 
initial points on this line are accurately surveyed. Then when setting 
out the contour on the ground, the staff will (if there be no mistake) 
arrive at the level of the initial point marked on the second initial 
Ime. Also when plotting the contour on paper, the accuracy with 
which the traverse closes on this point will test the work. 
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The field book entiries for contour/ would be as follows. When a 
contour picket occurs ou the traverse line, the entry should be 
suiTounded by a circle io distinguish it. 
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It is advisable to level and picket only as much as can be surveyed 
before leaving the ground for the day. 

Any peculiarities of form which vdll not be sufficiently explained 
by the position of the pickets should be sketched on the spot. 

A favourite German surveying apparatus, the "kippregel," is 
peculiarly adapted to the operation of contouring. Not only can the 
contour be levelled, but also its plan drawn by the observer without 
leaving the instrument. It is not even necessary to mark the contour 
by pickets. 
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SECTION XVIL 

TBrOONOMETRICAL SURVEYING. 

The prmciples whicli should govern the arrangement of a trian- 
gnlation have been stated as regards sketching small portions of 
country extending over a^ew miles. 

The theodolite is employed for larger operations, such as carrying 
a chain of triangolation through an uxJoiown countiy {as from the sea 
coast of Abyssinia to Magdala), or for any regular surveying operation 
in which a high degree of accuracy is required. 

It has been seen that even the pocket sextant gives a minuteness 
of accuracy that cannot really be reproduced by conBtraotion with any 
protractor; and of all sketching apparatus the highest degree of 
accuracy in triangulation could probably be obtained with the plane 
table and sighted ruler. 

But in more extensive operations the lengths of £he sides of the 
triangles are calculated, and are independent of the mere mechaxdcal 
accuracy with which they can be shown on paper ; or rather, by means 
of this knowledge the stations can be fixed with an accuracy that 
could not be otherwise approached. 

Eiefernug to Fig. 16, the principle of rapidly extending the length 
of the base without incurring the risk of inaccuracy will be kept in 
view : and the system of determining stations by building a series of 
small triangles on each other will be avoided. The original base 
(measured in the case tmder consideration near the sea coast, and pro- 
bably only a mile or so iu length) can by a few judicious and careful 
observations be accurately transferred to neighbouring heights five or 
six miles apart. From these heights may be observed points, such 
as well marked pinnacles of rock, ten or twelve miles inland, and their 
distances can be calculated. These, when reached during the advance 
of the column, become observatories whence the triangulation is ex- 
tended further inland. 

Let AB, Fig. 16, be the base. — ^By measuring the angles CAB, DAB, 
GBA, DBA, the data are obtained for calculating the lengths of AO^ 
AD, BC, BD. Now two independent values of the new base CD can 
be obtained, AC, AD being known, and the contained angle GAD 
measured ; also BC, BD, and the contained kngle CBD. 

If these values of CD practically agree, it may be safely adopted 
as the base for the calculation of two values of EF. 

The conditions which afford the greatest probability of accuracy 
are — first, that the angle opposite the base be less than a right angle ; 
second, that the angles adjacent to the base be nearly equal. 

30° is considered the smallest angle which the base should subtend 
at the distant point, in trigonometrical surveying ; any smaller angle 
would constitute an "ill-conditioned triangle." The intersection at 
60° is, as has been explained, the best. 

In triangulation, as in all surveying operations, the principle to be 
observed is to " work from the whole to a part ;" in other words, to 
enter on no small operations early in the work ; therefore the size of the 
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triangles should be as large as the nature of tKe country will permit. 
From the principal trigonometrical stations thns determined, will be 
observed "secondary stations," conspicuous natural, or artificial 
points, scattered throughout the district. 

These stations will be pricked off on the sketch sheets of the per- 
sons employed in "filling in" the details of the ground by plane table 
or compass ; so that, instead of measuring a base and determining 
points therefrom (as they would do in performing independent 
sketches), they refer the position of their principal points to these 
trigonometrical stations, either using them as the ends of a base, or 
intei-polating their position from them during the course of the tra- 
versing. . 

In arranging the triangulation, it must be remembered that the 
principal points must be suitable for " observing stations," where the 
theodolite can be set up on the spot itself, and that church spires, 
chimneys, &c., being unsuitable for this purpose, are merely fixed bB 
secondary stations useful for "filling in" the survey, but not for 
extending the triangulation. 

The principal trigonometrical stations will be poles, &o., erected on 
hill tops or open ground conmianding an extensive view. These can 
be removed temporarily .to allow the tiiieodolite to be set up vertically 
over the hole in which they stood ; or a tripod of poles may be erected 
surmounted by an object such as a gabion covered with canvas painted 
black or white, in contrast to the background ; this will be visible for 
many miles, and the theodolite can be set up vertically beneath the 
apex of the poles, without removing them; or a pole, with a disc 
nailed at the end, may be fastened projecting above ihe top of a tree. 

More refined methods of exhibiting the point to a distant observer 
are often employed. By means of i£e " heliostat," the rays of the 
sun can be reflected by a mirror from a distant station towards the 
observing station, rendering the former visible under favourable 
circumstances at 100 miles or more; the ordinary flashing signal 
apparatus may be available. 

A powerful light, such as the lime light, can be distinctly seen at 
many miles distance on a clear night. By this means most of the 
important observations have been made in great operations. 

All three angles of the principal triangles i^ould be observed.* 
In secondary triangles it will usually be sufficient to measure the base 
angles carefully, and to assume the third or vertical angle to be their 
supplement. 

bhould it be necessary to measure an angle at an inaccessible 
station, such as a church spire, an expedient maybe adopted somewhat 
similar to that employed for the sextant (Fig. 66) under similar 
circumstances, differing in that the angle observed must be the actual 
angle at the inaccessible station. 

Find the lines AB, AC (Fig. 88) by means of straight rods laid on 
the ground, as already explained. Set up the theodolite at a con- 
venient point a, on one of the lines ; measure the perpendicular dis- 
tance ae from the other line. Place a visible mark at &, making B&= 
ae. Observe the angle haO = BAO. 

* With large theodolites the ^'Bpherieal excess" can be detected, the minate 
qiiBHtity by which the sum of the three angles exceeds 180**, in consequence of the 
esrth being not a plane, but a sphere. This quantity is too small to be detected hf 
ordinaiy theodolites. 

Another minute correction ignored in military surreying, is the reduction of the 
sidai of the tvian^^ to their lengths asmcMured at the iofel of the sea. 
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Tlie obserratioii of the iiriaiigDlation may be not«d in the following 
form: — 
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To 
B 


lat. 
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48° 54' 
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32' 


48" 53' 0" 
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76 la 40 
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174 2 
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223 31 
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172 9 


N 
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In the aecoad and third repetitions of the readings, the number of 
minatee only need be noted, as shown. 

The rertical angles are noted when it is desired to calculate the 
difference of level between the two stationB ; in this case the height 
of the theodolite should be measnred and onrvatnre and refraction 
taken into consideration. 

Bedvclion to tJie Centre.* 

If a number of observations are to be made at an inaccessible 
station, it may be advisable to set np the theodolite as near as possible 
to it, and to correct each of the angles obserred at this spot, so as to 
obtain its Talne as if observed at the station. The operation is heaoa 
termed " rednction to the centre." 

Let S be a spire at which a ronnd of angles is to be observed, of 
which A8B is one ; and let X be the nearest point at which the theo< 
dolite can be set ap, known as the " Satellite Station." Hero the 
ronnd of angles is measiired from the zero line XS. 

The required angle ia ASB, the observed angle AXB, and the 
differences of direction of A and B, as observed from X and from S, 
are the small angles 8AX, SBX. For letXS be produced towards T, 
* " B«dticldoD to tha esatra " i* a problem ray xatAj empl^ed in pmotioe. 
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Fig. 89. 




tlien the exterior angle ASY is equal to the two interior and opposite 
angles (Euc. 1, 82) AXS, SAX. The latter mast then be found and 
added as the correction. 

Again, as regards B, the angle YSB = SXB + SBX. 

Then YSB - YSA will be the central angle ASB required. 

To find the angle SAX, the data are the sides SX, AS, and the 
angle SXA. 

log. SX -f Ar. Co. log. AS 4- log. sin. SXA = log. sin. SAX. 

Of the known sides SX is measured on the g^und. AS is found 
cither approximately by construction, or by calculation, (being so much 
longer than SX an approximation is suificient). To find it by calcu- 
lation, the length AB must be known, and the angles ABS, BAS 
observed. 

Calculation of the Triangles, 

The lengths of the sides are calculated in most cases from the data 
of two observed angles and the length of a side known. The re- 
quired sides are proportional to the sines of the opposite angles. Thus, 
if the known side AB be 3086 links, the angle BAD 76° 14', ABD 
54° 53', and ADB 48° 63'. To find AD— 

Sin. D : Sin. B : : AD : AB 

by logarithims, log. h = log. d -f- log. sin. B — log. sin. D 

= 3-489396 + 9-912744 - 9877010 = log. 6. 

When a large number of calculations are to be made, the computa- 
tion will be simplified by tabulating it in the following form, using 
the log cosecant of the angle opposite the known side, instead of the 
log sine, so that addition only is required. 



A 


Angles. 


Angles. 


Logarithmic 
computation. 


Distance. 


Side. 


JBemarks. 


P 


ADB 
ABD 
BAD 


48° 63' 
54° 53' 
76*14' 


3 -489396 
-122990 
9 -912744 
9 -987341 


3086 

3351 
8979 


AB 

* 


Base. 

Cosecant. 

Sine. 

Sine. 




3 -525130 
3-599727 . 
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The quantities not required in the computation may be covered 
with a piece of paper ; the first two logarithms are common to both 
sides. 

The only other case likely to occur is that in which two sides and 
the contained angle are known, and the third side is required. 

The sum of thjs two sides is to their difference, ag the tangent of 
half the sum of the angles at the base, to the tangent of half their 
•difference. 

Let the known sides be / 1076-53 and e 2846*39, and B the con- 
tained angle 150° 7', to find the other quantities. 

The sum of the angles opposite the given sides will be 180 — 150 °7' = 
.29° 3', and half their sum = 14° 31' 30". 

Ar. CO. log. (e -f /) 3922*92 = 6*406347 

log. (e-f) 1769*86 = 3*247936 

log. tan. i(B 4- F) 14° 31' 30"= 9*413205 

log. tan. J (E - P) 6° 39' 46"= 9*067491 

Hence E = 21° 11' 16", and P = 7° 51' 44." 
To find the required side h. 

log; wsec. E 2V 11' 16 = 10*441982 
log sin. B 150° 57' = 9*686254 
log. e 2846*39 = 3-454296 

log. & 3824*12 = 3*582532 
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SECTION xvin. 

MEASUREMENT OF THE BASE. 

This operation must be performed with great care, as on it drench 
the accurate knowledge of every snbseqnent calcnlated dimension. 

In military surveying, the base will nsnally be measured with the 
66-foot chain, consisting of 100 links joined by small rings. This 
length has been adopted on account of its convenience both for super- 
ficial and for linear measurement. An acre contains 10 square chains, 
a mile 80 linear. 

At each 10 links in the chain, from both ends to the centre, there 
is a brass label with one, two, three, and four tongues ; the centre, or 
50 links, is marked by a round label. Thus the number of links 
measured can be counted at a glance without the necessity of reckoning 
them from either end of the chain. 

Distances measured with the chain are noted in links, the link 
being from centre to centre of the small rings joining them. 

The length of the chain is liable to alteration ; lengthening by the 
opening of the joints when it is overstrained; shortening by the 
bending of the long links. It should be tested from time to time by a 
standard chain not used in the field, or the standard length may be 
marked on a pavement for the purpose. If the chain is found to be 
incorrect after a day's work, the percentage of correction to be applied 
to the measurements should be found. DT the chain is too long, the 
distances measured by it must have been recorded as too short, and 
vice versa. Thus, supposing that the chain be found 1*5 inches too 
long, 0*19 of a link per cent, should be added to the measurements. 

The chain is used by t^vo men, the leader and the follower ; the 
leader is provided with 10 iron arrows ; he walks in the required 
direction until nearly at the chain's length from the starting point, 
when the follower halts him and dresses him in the proper direction 
by beckoning him to the right or left ; allows him to draw the chain a 
foot or so too far, and then pulls it steadily back* until the outside of 
the handle touches the starting point, the chain being kept at a fair 
tension without jerking. The leader now sticks an arrow in the 
ground, totiching the inside of the handle at his end ; or if the ground 
is too hard, he scratches a cross upon it and lays the arrow alongside. 
To avoid displacing the arrow, the leader should give the chain a cast 
to one side each time it is drawn forward, so that it may run clear. 

The leader having placed his arrow, calls "all right," when the 
follower picks up the arrow at his end and the chain is drawn for- 
wards. There must always be an arrow in the ground, except at the 
time, as follows : — 

When the chain leader has expended the 10 arrows, 1,000 links is 
noted in the field book; another chain is then measured out, the 
leader places his foot on the handle, and waits until the follower 
€omes up and returns him the 10 arrows. He counts them to see that 
none are missing, jplants one inside the handle,* and they start afresh. 

* It is at this stage that mistakes are commonly made. 
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On arriying at the end of the measurement, the leader passes tlte 
point nntil the full length of the chain is drawn out, and does not 
leave his place until the total number of links has been registered ; 
the number of times the arrows have changed hands, as thousands of 
links ; the number of arrows in the follower's possession (including 
that marking his end of the chain) as hundreds ; and the number of 
links between the follower and the point, as tens and units. 

All these details must be systematically carried out. It is better 
that the chainiug should be done by the two men superintended by 
the surveyor, and that no other person should assist. 

It is evident that measurements made on sloping ground must be 
reduced, according to the steepness, to their true horizontal lengths. 
The following table gives the reductions to be made in links from each 
hundred miaasured, according to the degree of slope : — 

Degree. Eeduction. Degi*ee. Beduction. 

1 0015 11 1-8 

2 0-06 12 2-2 

3 014 13 2-6 

4 0-25 14 ..-..• 30 

5 0-4 15 3-4 

6 0-6 16 3-9 

7 0-7 17 4-4 

8 10 18 4-9 

9 1-2 19 5-4 

10 1-5 20 6-0 

It would be out of character with the operation to observe with the 
theodolite changes of slope, occurring every 20 or 30 yards, in order 
to apply the above reductions accurately. The most practical method 
in military surveying is to measure the inclination with the Watkin 
clinometer for each chain, taking the observation to the head of the 
chain leader. The chain should be pulled tight enough to prevent it 
from dipping into slight hollows in the ground, or may be supported 
in the centre. 

The degree of slope for each chain should be noted on the spot ; 
the deductions maybe filled in subsequently, and their sum subtracted 
from the measured length ; thus : — 
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liej'istci' of Slopes for each Chain, 



Slope. 


Deduction. 


Slope. Deduction 


Slope. Deduction. 


4° .. 


. . 0-25 


r .... 


001 


3° .... 


014 


5 .. 


.. 0-4 


2 .... 


0-06 


2 .... 


0-06 


3 .. 


. . 014 


c .... 


0-6 


8 .... 


1-0 


1 .. 


. . 0-01 


c .... 


0-6 


8 .... 


10 


., 


. . 0-0 


5 .... 


0-4. 


8 .... 


1-0 


.. 


. . . 0-0 


10 .... 


1-5 


4 .... 


0-25 


.. 


. . . 0-0 


10 .... 


1-5 


2 .... 


0-06 


3 ., 


. . 0-14 


12 .... 


2-2 


6 .... 


0-G 


2 . 


. . . 0-06 


5 .... 


0-4 


.... 


00 


<i . 


. . . 0-25 


3 .... 


0-14 


1 .... 


0-01 


6. . 


. . . 0-6 


9 .... 


1-2 


1 .... 


001 


10 . 


... 1-5 


2 


0-06 


2 .... 


0-0(> 


3 . 


. . . 0-14 


.... 


0-0 


.... 


00 


. 


. . . 0-0 


.... 


0-0 


.... 


0-0 


. 


. . . 0-0 


.... 


00 


1 .... 
5 .... 


001 
0-4 




3-49 




8-67 




4-60 
8-67 




% 








3-49 








Total deduction .... 


1676 




Measured 


length 


• • 


4600- links. 
1676 





True horizontal distance 



4583-24 



When there is time, the base may be measured two or three time.'', 
and the mean adopted. The shortest measurement made with the 
chain is usually the most correct. 

The surveyor walks behind the chain follower and sees that the 
alignment is properly kept ; that the arrows are properly planted ; the 
end of the chain adjusted to them ; the chain kept at good tension, so 
as not to dip into hollows of the ground ; that no mistake is made at 
the time the arrows are returned by the follower to the leader ; notes 
these as thousands of links; and counts the hundreds and tens on 
arriving at the end of the measurement. 

He also observes the slope for each chain and registers it as above. 

In measuring a base on undulating ground, the objects marking its 
ends will be lost sight of in the valleys, so that the line must be 
" ranged" or marked out by flags in such places. 

Care must be taken to notice that there are no knots or "kinks" in 
the chain whilst it is being used. 

After a triangulation has been carried over a large district, and the 
sides calculated, a check on the accuracy of the whole series is ob- 
tained, by measuring one of these sides and comparing its actual with 
its calculated length. The side tc* which this test is applied is termed 
a " base of verification." 



(m. t.) 
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SECTION XIX. 



CONSTRUCTION OF THE TRIANGULATION. 

To construct tlie triangulation, or determine tlie position of the 
stations from the calculated length of lines joining them to other known 
points. These lengths are taken as radii with which arcs are drawn, 
the intersection of the arcs being the spot required. 

Ordinary compasses would be unsuitable for the purpose, both on 
account of the flexibility of the legs and the shortness of their span. 
The proper instrument is the beam compass, which consists of a wooden 
bar, with the required scale drawn on it; it is fitted with slidiug 
verniers for minute adjustment, and needle points which coincide with 
the indices, by means of which the required length is marked on the 
paper. 

If the original base has been extended in the manner described, one 
of the longest calculated sides should be first laid down, the larger 
triangles first drawn, and the smaller derived from them. Thus the 
original base may be one of the last sides laid down in plan. 

Should beam compasses not be available, the stations may be first 
determined by the angles, laid down with the protractor, as described 
in connection with the pockiet sextant ; the lengths of the sides should 
be then tested, and the position of the trigonometrical points corrected 
by a carefully constructed scale, drawn on the edge of a slip of the 
same paper as the plan. The pencil used should have a very fine 
point. When accurately placed, the trigonometrical points should be 
marked by an ink dot, surrounded by a circle, within which no lines 
must be produced. 

The advantage of the paper scale is that it expands and contracts 
in the same proportion as the plan with changes in the humidity of 
the air, which may cause a considerable alteration in the length of 
paper.* 

Fio. 90. 
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The most accurate manner of setting off an angle, next to that of 
the intersection of arcs, is by means of the natural sines and cosines 

• I have found as great a difference as 30 yards in 1,000, between the 6 inchiss 
to a mile scale on the iTory protractor and on the Ordnance Survey Sheet, due to 
contraction of the latter. 
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-given for every degree of the quadrant in the accompanying table. 
There being no limit to the lengthg which may be adopted, this 
method is particularly suitable for the oonstnaction of large triangles. 

A Table of Natural Sines^ Cosines, Tangents^ Colangents, Secants, and 

Cosecants, to every Degree of the Quadrant, 



J)eg. 


Sines. 


Cosines. 


Tangents. 


Cotangents. 


Secants. 


Cosecants. 







00000 


1-00000 


00000 


Infinite. 


1-00000 


Infinite. 


90 


1 


01745 


99985 


01745 


67-2900 


1-00015 


67 -2987 


89 


2 


03490 


99939 


03492 


28*6363 


1-00061 


28 -6537 


«8 


S 


05234 


99863 


05241 


19 -0811 


1 -00137 


19 -1073 


87 


4 


06976 


99756 


06993 


14 -3007 


1 -0024-4 


14-3366 


86 


5 


08716 


99619 


08749 


11-4301 


1 -00382 


11 -4737 


86 


6 


10453 


99452 


10510 


9 61236 


1 00551 


9-56677 


84 


7 


12187 


99255 


12278 


8-14435 


1 00751 


8 -20551 


88 


8 


13917 


99027 


14054 


7 11537 


1-00983 


7-18530 


82 


9 


15643 


98769 


15838 


6 -31375 


1 -01246 


6-39245 


81 


10 


17365 


98481 


17633 


5 -67128 


1 -01543 


5 75877 


80 


11 


19081 


98163 


19438 


6-14455 


1 -01872 


6-24084 


79 


12 


20791 


97815 


21256 


4-70463 


1-02234 


4-80978 


78 


13 


22495 


97437 


23087 


4-33148 


1-02630 


4-44541 


77 


14 


24192 


97030 


24933 


4-01078 


1 03061 


4 13356 


76 


15 


25882 


96593 


26795 


8 -73205 


1 -03528 


3 -86370 


76 


16 


27564 


9G12G 


28675 


3 -48741 


1 04030 


3-62796 


74 


17 


29237 


95030 


30573 


8-27085 


1 -04569 


3 -42030 


73 


18 


30902 


95106 


32492 


3 -07768 


1 05146 


3 -23607 


72 


19 


32557 


94552 


34433 


2 -90421 


1 -05762 


3 -07155 


71 


20 


34202 


93969 


36397 


2 -74748 


1 -06418 


2-92380 


70 


21 


35837 


93358 


38386 


2-60509 


1 -07114 


2 -79043 


69 


22 


37161 


92718 


40403 


2 -47509 


1 -07853 


2 -66947 


68 


23 


39073 


92050 


42447 


2 -35585 


1 -08636 


2 -55930 


67 


24 


40674 


91355 


44523 


2-24604 


1-09464 


2 -45859 


66 


25 


42262 


90631 


46631 


2-14451 


1 -10338 


2 -36620 


66 


26 


43837 


89879 


48773 


2-05030 


1-11260 


2 -28117 


64 


27 


45319 


89101 


50952 


1-96261 


1 12233 


2-20269 


63 


28 


46947 


88295 


53171 


1-83073 


1 -13257 


2-13005 


62 


29 


48481 


87462 


55431 


1*80405 


1 -14385 


2-06266 


61 


30 


50000 


86608 


67786 


1-73205 


I -16470 


2-00000 


60 


^1 


51504 


85717 


60086 


1-66428 


1-16663 


1-94160 


59 


32 


52992 


84805 


62487 


1-60033 


1-17918 


1 -88708 


58 


33 


54464 


83867 


64941- 


1 -53986 


1 -19236 


1-83608 


57 


34 


55919 


82904 


67451 


1 -48256 


1-20622 


1-78829 


56 


35 


57358 


81915 


70021 


1 -42815 


1-22077 


1-74346 


56 


36 


58778 


80902 


72654 


1 -37638 


1-23607 


1-70130 


64 


37 


60181 


79863 


75355 


1 -32704 


1 -25214 


1 -66164 


68 


38 


61566 


78801 


78122 


1-27994 


1 -26902 


1-62427 


52 


39 


62932 


77715 


80978 


1-23490 


1 -28676 


1-68902 


61 


40 


64279 


76604 


83910 


1 -19175 


1 -30541 


1 -65672 


50 


41 


65606 


75471 


86929 


1 -16037 


1 -32501 


1-52425 


49 


42 


66913 


74314 


90040 


1 -11061 


1-34563 


1-419448 


48 


43 


68200 


73135 


98251 


1 -07237 


1 -36733 


1-46628 


47 


44 


69466 


71934 


96569 


1 -03553 


1 -39016 


1 -43956 


46 


45 


70711 


70711 


1-00000 


1-00000 


1 -41421 


1 -41421 


45 
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Siaet. 


Ootangurti. 


Tangents. 


Cofleoants. 


Secants. 


Deg, 

a 
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148 . METHODS OF SETTING OFF ANGLES. 

The lengths may be taken off any scale of equal parts, sucli as the 
inarquois scales. Let it be required to set ofE 28° 34' at the point A, 
in the line AB. The table shows 883 for the cosine, and 469 for the 
sine of 28°. The sine and cosine of the 34' may be found by propor- 
tion, making the numbers respectively 879 and 478, as explained 
below. 

Take on AB the length, of the cosine 8*79 inches, measured by 
the edge of the artificial scale 30 of the marquois scales, or by any 
other scale of inches and tenths applied to the line (the second placo 
of decimals may be taken by estimation). At this point erect a per- 
pendicular, on which measure 4*78 inches; the requii-ed line will pass 
through this point. 

8*79 is taken as 8*83 minus 4 (|4^^s of the difference between 
cosines 28° and 29°). 4*78 is taken as ^ths of the difference between 
the sines of 28° and 29° added to that of the former. The first three 
figures of the sines, &c., are sufficient. The proportional quantity 
for cosines must be deducted, for sines added to that of the given 
degree. 

These dimensions might be doubled were it desirable, for the sake 
of greater constructive accuracy, and if the plan would contain them. 

With the scale of chords engraved on many protractors, accui'acy 
within about 15 minutes may be obtained. Describe an arc BC with 
a radius of 60°, taken on the scale of chords. On this arc set off- the 
length of the chord BD of the given angle DAB, taken from the 
same scale. 

Fig. 91. 

C 
\ 

\ 



B 



It is impossible to determine accurately the point of contact of 
arcs or right lines, which intersect very obliquely. In the former the 
distance of the station, or length of radius is certain, and the uncertainty 
is as regards the direction. For instance, to take an extreme case 
(Fig. 92), the station might be anywhere in jkBo 



Fig. 92. 




In the intersection of right lines, the uncertainty is as regards the 
distance at which the contact takes place ; thus the station might be 
cjiywhore in yy. A combination of the two will give the best results. - 
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SECTION XX.. 



TRAVERSING. 

The principles of traversing have been explained as regards the 
compass and the plane table, and need not bo repeated. The only dif- 
ference, when traversing with the theodolite, is in the manner of 
observing the angles, which is performed so as to utilise the accuracy 
of the instrument. 

Supposing firstly, that the traverse is to be performed in connec- 
tion with stations which have been accurately determined by triangu- 
lation. The theodolite is set up at one of these with the object of 
traversing up to, and " closing '* on another, so as to check the accuracy 
of the work. 

The vernier plate will be clamped with its index reading on the 
lower horizontal plate ; the magnetic needle released ; the whole head 
of the instrument turned so as to intersect another visible station 
with the cross hairs, the lower clamping and micrometer screws being 
used to perfect the intersection. 

Every forward angle in the traverse will be measured with 
reference to this station, the imaginary line connecting it with the 
present place of the theodolite is termed the "zero line." 

The degree in the compass box to which the magnetic needle 
points, is registered as the bearing of the zero line. 

The points at which the theodolite is set up to observe the forward 
angles will be here referred to, for clearness, by the sign 0. 

An assistant takes forward a pole or flag, and sets it at the first O. 
The upper clamping screw is released, and the telescope directed 
on this by the upper micrometer. The foot of the pole, or the lowest 
part visible, should be observed, so that if ^ it is not quite upright, 
the accuracy of the observation may not be affected. The reading of 
the same vernier that was set to is now noted in the field book as the 
forward angle. 

The plates are left clamped together in this position, and the theo- 
dolite is carried forward and set up at 1, exactly over the hofe in 
which the pole stood ; this is tested by a plumb line, or by dropping a 
pebble from underneath the head of die instrument. 

The lower clamping screw 07ily is now released for the purpose of 
levelling the theodolite. The telescope is directed on the starting 
point by the lower clamping and micrometer screws. Before unclamp- 
ing the upper horizontal plate, the vernier is examined, and the reding 
compared with the field book, to ascertain that its position has not 
altered ; it is then released, and the telescope directed on the next for- 
ward by the upper clamping and micrometer screws. The forward 
angle is now read by the vernier opposite to that by which the previous 
forward angle was read ; the reason for this will be presently ex- 
plained. 

It should have been observed that the forward angle is the last 
registered at each 0, and that the direction of conspicuous objects at 
some distance, which are to be fixed by intersection, are first noted. 
The direction of branch roads are also noted. 
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BACK-ANGLE TEATERSnTG. 



The distance from © to O is chained, and perpendicular offsets 
measnred, as previously explained, with the offset rod or the tape. 
The field book will be kept in the manner shown for the prismatic 
compass. 

To recapitulate the operation at each — 

1. Set up over the 0. Release lower clamping screw. Level, 

Direct the telescope'on baiek by lower clamping and micro- 
meter screws. 

2. Examine the agreement of the vemfer with the last forward 

angle noted. 

3. Release upper plate, and direct tire telescope on forward © by- 

upper clamping and micrometer screws. 

Remark that in the first operation only tha lower scrowa are 
toudbed ; in the last only the upper. 

This system, known as tiie " backangld system^" ms^y be thus ex-^ 
plained. 

Fig. 63. 




Let I be a pkn of the theodolite set un) ai the stsrtiiig' p(»iii, from 
which the traverse is earned through 21 iowarda x. The Hoe to 
station Z is selected as the sero line. 

When the telescope (as shewn d0tted)wa8 directed on tike zero line^ 
tibe degree 40, to which the needle poinied was n^istered as its bear- 
ii^. 

The upper plate being imeiaxtped mtd the telescope direeled a& II» 
^le tdtnier A reads 50^, noted as the forward angle. 

i 

s 
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Commenced at StsfioB I. Zero line Z, heaxiag 40". 



BACK-ANGLE TRAVERBING. 151 

The tlieodalite bein^t»rried forward find set up at II, with the 
telescope {dotted) directed on O I ; the whole head of the iDatmment 
has been turned round 180°, so that the diameter — 180 has been 
again set to correspond with the zero line, from which therefore the 
next forward angle can be measured, as at starting. It is also evident 
that if the vernier A or B be turned to on the horizontal plate, one 
of the ends of the magnetic needle will again point to 40^ in the 
compass box. 

The upper clamping screw having been loosened, and the telescope 
directed on the forward x , vernier A reads 205°, vernier B 26°. 
Both express the same line, but produced in opposite directions. The 
reversal of the horizontal plate has placed where 180 was, at the 
first 0, so that vernier B must now be read. When the theodolite is 
set up at O X , the position of its diameter 205 — 25° will again agree 
with the lino AX, but transposed 180°, so that the next forward angle 
will be read by vernier A, and so on alternately. 

If the surveyor consider the general direction of the zero line, ho 
am have no doubt as to the vernier which is to be read ; for if tibe 
general diitjction of the load be to it's right, the forward angles must 
be under 180° ; if to its left, more than 180^ 

As the — 180 diameter is on each occasion set to correspond with 
the zero line, a check on the work may be applied whilst taking the 
forward angle, by putting the vernier at 0, and noticing whether one 
end of the magnetic needle points, as at starting, to 40". In applying 
this test the surveyor must bear in mind the errors inherent in the 
needle, and must not be misled into making any alteration of the 
plates on seeing that the needle deviates by 1° or 2° from 40°. This 
deviation may be due to local attraction, either at the present place or 
the starting pointy If the needle points wide of 40°, he would suspect 
an error, take the theodolite back one or two 0's, and re-observe the 
forward angles. 

A cross should be cut in the ground, or the position of the 0's; 
otherwise marked, so that the work may be re-examined in case it 
does not close satisfactorily on paper. 

On leaving off work for the day, the positions of the last two 0'ft 
should be well marked, that the traverse may be resumed with cer« 
tainty. 

After closing on a station, it is as well to set up the theodolite 
there, and measure the angle contained between the last back and 
some other trigonometrical point ; this provides the means of plotting 
the traverse back from this station, as well as from the other, if 
required. 

A good surveyor will set the theodolite so nearly level by the 
position of the legs, that a few touches of the levelling screws only 
will be necessary at each 0, and the observation of the forward angles 
with the theodolite will not be a much slower process than with the 
prismatic compass. 

The position of the 0's must be chosen with judgment, so that the 
traverse may be executed with the smallest possible number of obser* 
vations. 

Traversing, independent of triangulatios; 

In any traverse, all the forward angles should be with reference to 
one zero line. It has been shown how the traverse is connected with 
a triangulatioQ by adopting ono of the sides of the triangles as tha 
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zero line. When independent of a triangolationi the first traverse line 
is usually adopted as the zero line. 




For example, in traversing from A to ©7, the theodolite Tvonld be 
jBrst set up, not at A, bnt at Ol ; the 0: — 180 diameter directed on A ; 
it's bearing noted, and the first forward angle measured would be 120° 
between A and ©2. The back angle system would then be followed, 
as already described, so that tbe — 180 diameter of the theodoHtc 
would at each successive © be set parallel to the zero line A01. 

The chaining would be commenced at A. 
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PLOTTING. 

It is in the operation of plotting, tbat the chief advantage of the 
*'back angle** system of traversing is found; all the angles having- 
reference to one zero line, can be set ofE with a certainty and facility 
which could not be otherwise attained. v 

The direction of the traverse lines should, if possible, be laid down 
with the circular cardboard protractor, described in connection with 
the pocket sextant. A hole about iV*^ ^^ *^ ^^^^ diameter should bo 
cut out at the centre, for the convenience of adjusting it to any point 
on paper. 

It may be presumed that a large rolling ruler, or the marquois scale 
and triangle, is available for carrying a parallel line. 

If a side of a triangle has been adopted as the zero line of the 
traverse, the — 180 diameter of the protractor is adjusted to the corre- 
sponding line in the plan ; the centre point is marked ; a weight is 
laid on the protractor to keep it from moving ; and tlie position of all 
the forward angles is marked on the plan with a fine-pointed pencil, 
or pricked ofE with a needle round the circumference of the pro- 
tractor. The degree is written at each point, so that it may bo 
identified. 

The protractor is now removed. 

The position of all the ©'s will be first laid down, so as to ascertain 
whether the plotting " closes *' correctly, before proceeding to draw 
any of the detail. 

The direction of each traverse line in succession is drawn from the 
preceding 0, by a line parallel to that connecting the centre of 
the protractor with the forward angle marked at the circumference. 
The marquois triangle can be used for carrying a parallel line to somo 
distance, if its bevelled edge be adjusted to the given line ah, and a 
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scale laid against its base and firmly held down ; thus a line parallel 
to ah could be drawn anywhere within c, d, e, /. If the two scales ba 
placed alongside, a line ee may be prolonged by sliding them against 
each other. 

In regular survey establishments, methods of plotting superior to 
these makeshift arrangements are employed. The most accurate 
method of plotting is that of ordinates and co-ordinates, known as' 
Gale*s traverse system. The position of each O with reference to the 
point of departure is found by " traverse tables," so that each being 
independently determined, an error is not carried on throughout tho 
plotting. This system' is unnecessarily accurate foor military anrvey- 
ing. 

After the plotting of the traverse lines closes satiilBiGtorily, tho 
drawing of the intermpdiate detail is cxumnenced. For this, a ^ plotting' 
scale," as previously described^ will be useful, saving the trouble of 
drawing perpendiculars for the offsets, and of taking the measure- 
ments by compasses from the scale. The field book sbovld be laid out: 
the plan, with the direction, of the chain column corresponding^ with. 
that of the plotted traverse line, so that there may be no liabtliiy to 
mistake the sides to which the respective ofEset eatries bekmg. 

When the traverse is independent of triangulation, . the zera line, 
whether it be the magnetic mmdian or the first traverse line, will be 
drawn in any convenient part of the plau^ and the pro^atictor adjusted 
on it, as described^ 

A convenient and accurate way of plotting small scale surveys, ift to 
use a large circular cardboard ring, or protractor with the inner portion 
cut out. The graduation of the circle eonmtences from both ends of 
the diameter, and is carried in the sejae direction, so that each d^ree 
is repeated at opposite sides of the circle. The protractor is- laid on. 
tho survey, with its diameter corresponding with the zero line; weights, 
are then placed on it to ke^ it frosn moving. 

To draw a given forward angle, adjust a parallel m£ear to tBe 
angle marked at opposite sides of the circle; carry this Hne np to. 
the given point, and draw a Mne from it repres^iting the traverse Hne.. 
When the space within the eirde has been filled, the protzactor is re^. 
moved and readjusted to a fresk 2sero liiie diaiwn in a convenient, 
position parallel to-i^ fixat. 
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SECTION XXII. 



THE CAVALSY SKETCHING CASE 

Is intended to simplify the performance of rapid sketches on 
active service, a high degree of accuracj not being necessaiy. It 
contains all the apporatna required for the purpose, and can be carried 
in. the pocket of a shooting coat, or in a sabretache ; when sketching, 
it is strapped npon the bndle wrist. 

The board is constructed to contain a strip of drawing paper,, 
about 7 inches wide, and 2 or 3 feet long, being the most convenient 
shape for sketches of roada and rivers. 

To fix the paper, cut a strip as long as required, and of width 
suitable to the board. Crease it porpen£cularij to its length, at about 
^rd of an inch from each ead. Romove the rollers by pressing back 
the springs which hold tkenu Each roller consists of two pieces, 
between which the paper is heldL Place the crease of the paper in the 
groove of one piece^ retain it tkcre bj the other, whilst the roller ia 
replaced in the board. 

Roll up the paper on one roller, aa that the sketch may be com- 
menced at the other end. 

The compass box has a meridian £ne engraved on the glass, with 
which the needle must coincide, it's north end directed to the index or 
projection at one end of the line. 

The compass box is capable of being turned round, in order that 
the meridian line may be placed in such a relation to the sketch that 
the road may occupy its centre. To do this, hold the board so that the 
length of the strip of paper may correspond with the generai directtan 
of the road. Now revolve the compass dqx by means of the projecting 
index, until the meridian line corresponds with the needle. If this l^ 
carefully done, the sketch will not run off the paper. 

Draw a meridian line on the sketch parallel to that on the glass, 
and mark the north end correiroonding with the index. 

Care must be taken that the position of the compass box shall 
remain unaltered during the sketch, unless it becomes necessary to 
change the general direction, as presontlj described. 

To draw the direction of the road, or of any object — 

1st. Turn the horse ezactiy in the direction of the object. 

2nd. Bevolve the board on the wrist until the meridian line corre* 
spends with the needle. The oscillation of the needle may be ched^ed, 
if necessary, by tilting the board a little,, but the latter must be level 
when the direction is being drawn.. 

3rd. By moving the arm to right or left, bring the point from 
which the line is to be drawn on the sketch, opposite the centre of the 
body. Now turn the ruler in the required direction, its edge corre- 
sponding with this point, and draw the line ; but just before doing 
this, glance again at the meridian line, to see that it coincides with the 
needle, and that the latter does not touch the box. A slight alteration 
of the board is now better effected by moving the arm than by revolv- 
ing the board on the wrist. 
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The alignment of the ruler towards the object is a matter of judg- 
ment and eye. After a little practice the whole operation as described 
may be accomplished in about 15 seconds, correct within 2°. A 
horse will generally stand still long enough to permit the direction to 
"be drawn. 

Should the road change its' general direction, so that it would no 
longer follow the centre of the paper, a line should be drawn across it, 
and the sketch re-commenced here. The meridian on the compass 
box is altered (as on commencing the sketch) to suit the new direc- 
tion, and is drawn on this portion of the sketch. The starting point 
is taken in the centre of the sheet, and 2 or 3 inches above the line. 
These alterations of meridian may have to be made several times, but 
the necessity should be avoided as much as possible by proper arrange- 
ment. When the sketch is brought home to be finished, it is cut across 
the line where the meridian was changed, the points where the sketch 
was discontinued and re-commenced are made to coincide by & pin 
driven through them into a board ; the pieces turned so as to bring 
their meridians parallel, and firmly pinned in this position, whilst 
both are cut through at one cut with a sharp knife. 

If this be properly done the cut edges will meet exactly, and may 
be united by a strip of paper pasted on the back. 

The sketch when .finished up, should be rectangular, with the 
road in the centre, and the names of places and other printing parallel 
to the top and bottom margin. The sketch, if necessary, mliy be 
mounted on another piece of drawing paper ; in doing this, the whole 
of its back should not be pasted, but only the extreme edges, other- 
wise the expansion of the paper would preventMts drying flat. A 
weight should be laid on it wlulst drying. 

If the route be indicated on a map, the meridian line can be 
set in the required relation to the sketch with greater certainty. 
As the direction of the magnetic north on a map in England lies 
abont 18° to the left of the side margins, a line in this direction may 
be drawn through the portion to be surveyed (or it may be estimated). 
The sketch sheet is held on the map so that its length shall corre- 
spond with the road, and whilst in that position, the compass-box is 
revolved so as to place the meridian on its glass in the same direction 
us the magnetic meridian on the map. 

The board may be used on foot, for sketches where high accuracy 
is not required, such as rapid sketches of positions for outposts. 

Horses soon learn that they are meant to stand steady for a few 
seconds whilst the direction is being observed, but being generally 
fidgeti^ in company, they will do the work best when alone. 

The scales of horse paces may be drawn on the edge of the ruler. 
These scales should not be numbered, so that it may not be necessary 
to adjust their zero to a point on paper. 

Besides scales of horse's paces, a scale of hnndreds of yards must 
be drawn on the ruler, by which objects on each side of the road may 
be placed at their estimated distances. 



COMBINED SURVEYS. 157 



SECTION XXIII. 



ORGANIZATION OP COMBINED SURVEYS. 

The " modus operandi'* will be considered first on the supposi- 
tion that the country is unknown ; that there is ample time ; and that 
instruments are available, suitable for accurate work. 

Secondly, that the ordinary small-scale Gx)vernment maps are 
available, upon which to base the military large-scale survey of the 
country. 

Thirdly, that an army is operating in an unknown country ; that 
only the ordinary sketching instruments are available; and that 
merely a rapidly executed sketch of the country adjoining the line of 
march is required. 

When a number of persons are employed in surveying a district 
which has not been previously mapped, the only way in which accurate 
results can be obtained is by first determining by triangulation the 
position of a number .of conspicuous and easily recognised points 
throughoufc the country. This triangulation carefully laid down on 
one large sheet is the basis of the survey, and by its means the general 
accuracy is secured, independent of the minor errors that may pervade 
the component surveys executed with instruments of inferior 
accuracy. 

The country is next divided into equal portions according to the 
number of surveyors, the portions being bounded, if possible, by 
natural definite limits, such as roads, rivers, or watersheds. 

The trigonometrical points contained in each portion, are trans- 
ferred or " pricked off " to the several survey sheets, and the calcu- 
la ted distances between the points are given to the surveyors. 

Each portion may have but one or two points given in an extent 
of 8 or 10 square miles ; from these the position of interior points will 
be determined by secondary triangles with as much accuracy as can 
be obtained by the instruments provided. Trigonometrical stations 
beyond the actual limits of his portion may be also given to each sur- 
veyor, by means or which, he may either determine interior points bj 
" adjustment," or by triangulation. 

The methods of ** filling in " the details of the ground with 
various instruments have been explained, and need not be recapitu* 
lated. 

When finishing up the portions, a margin of about half an inch , 
round each, should be left in pencil ; for as the work of even the best 
surveyors will under the circumstances be only approximately correct, 
there will be some non-agreement in the meeting of roads, fences, &c., 
in their mutual borders, requiring a certain amount of alteration in 
these portions. These alterations will bo made in pencil whilst both 
surveys are adjusted side by side on the general triangulation, by 
means of the given trigonometrical points. 

The Officer charged with the organisation of the operation dis- 
tributes the work and combines the surveys. If a number of Officers 
are employed, he should divide the country into groups (each of three 
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or foar surveys) in charge of Officers who will be famished with 
tracings of the original triangalaiion of their groups. 

When the surveys of a gronp are finished, with the exception of 
the marginal portions left in pencil, the Officer in charge of the gronp 
will adjust them together by means of the given trigonometrical 
points ; and fasten them down firmly on a deal table by pins every I 

two or three inches clo&e along their mutual boundaries. He will then 
<5ut firmly through the paper with a sharp knife, held vertically, 
taking care that the cut has not to be repeated, and that the overlying 
ourveys do not move in the slightest degree upon the lower. The 
•cuts will be made close along the boundaries, so as to leave the road, 
river, or whatever it may be, in one survey only. He will leave a 
margin of an inch or two uncut all round the ouier edge of the group, 
and this portion will be left in pencil until his group has been adjusted 
-with others on the general triangulation and their margins cut 
through, in the same manner, by the Officer in charge of the operation. 

If this cutting be skilfully done, the junction of the surveys will 
be barely perceptible. They should be laid on their faces, accurately 
joined, and connected temporarily by small pieces of adhesive paper 
€very two or three inches; then turned over, and the necessary 
alterations made in the marginal portions. They are then separated, 
and the margins finished up^ after which they are rejoined at the 
back more firmly than before, and the group is ready to take its place 
in the combined survey* 

Should there be any wide non-coincidence of detail in the margins 
of adjoining surveys, the error should be traced and corrected on the 
ground if there be time. 

Each surveyor should sketch the hills in contours at the same 
vertical interval. But in a combined sui'vey it would be unnecessary 
that the contours by which the hills are represented, should be at cmnmon 
Zci?e7* throughout all the component surveys ; this would be very difficult 
to arrange, and would add nothing to it43 value for military purposes. All 
that is necessary is, that the shape and slopes of the hill features should 
he correctly represented in each portion, so that though the roads and all 
existing detail should meet accurately in the mutual margins, imaginary 
lines such as contours need not so meet ; the temptation to make them 
do so when correcting the marginal portions should be avoided, as 
tending to the misrepresentation of ground. Each surveyor will 
•commence his contouring at any level that may suit him. 

In Plate X it will be perceived that though the contours of adjoin- 
ing portions do not meet, the representation of the general shape of 
the features is not affected thereby* 

The present system of lead shading is peculiarly suited for produc- 
ing uniformity in a combined survey. After all the surveys have been 
joined, a little blending of the margins only is required. The whole 
may be then indelibly fixed by a spray of weak gum-water blown 
<3fver it.* 

To ensure uniformity, each surveyor will be instructed as to the 
size and type of printing to be used, wheth^ roads are to be coloured, 
and woods shown by pea, or by a fiat wash of green. 

Printing will be, as a rule, on lines ruled esist and west ; but should 
the meridians be oblique to the shape of the paper, as will be some* 

** ^le ''fizateur rouget" sold by Leoheitier Had Ck>. answers the pnrpose well, 
end there if no danger of its causing water ooloiir, printing, &c., in the survey t* 
^'jua." 
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iuoes necessary, eacb sarveyor should haye a liae given on Hs portion 
for the direction of printing parallel to tlia top of the general 
snirey. 

Should the prismatic compass be nsed for the *^ fiUing in," each 
sttrveyor will commence by carefolly taking the bearing of one of his 
given trigonometrical points from another, so as to be able to lay 
down a magnetic meridian on his portion, in its proper relation to 
these points. The other magnetic meridians will be drawn parallel to 
this. 

With the. plane table he will commence by "setting "the survey 
at one of the trigonometrical points, by the ruler adjusted on the line 
connecting this point with another ; then lay the compass box on the 
table so that the needle may point to the index, and draw a line 
along its edge, which will l)e the working meridian, by means of 
which the table will be " set '* every time the needle is used for the 
purpose. 

Considerable time would be required for the execution of a survey 
thus l)ased on trigonometrical stations. The arrangement, obser- 
vation, computation, and construction of the triangulation alone 
would occupy more time than the survey of the detail. 



Secondly, When there is neither time nor means to triangulate the 
country, the govei^iment maps may be used for arranging and distri- 
buting the districts and for subsequently combining the surveys. 
The object of resurveying the ground being to show* its tactical 
capabilities and recent alterations. 

The Officer in charge of the operation will cut out from the map 
the groups into which the country is to be divided, and hand these 
over to the Officers in charge of groups, who will further subdivide 
them into districts bounded aa much as possible by roads; and will 
combine the surveys of these districts when completed. 

Each surveyor will fasten his portion of the map on his sketching 
board, and will study the general map so as to recognise the limits 
of his district, and impress on his memory the relation of his portion 
to the whole ; the position and direction of rivers, watersheds, &c. 

He should also draw on his portion of the map a magnetic meridian, 
whereby he may recognise its relation to his work done with the 
compass. 

The chief difficulty in combining these surveys is, that an error 
cannot be at once noticed and traced to the portion in which it exists 
(as would be the case when each survey contains one or two trigno- 
metrical points). 

Only good military surveyors should be employed in a combined 
survey, but even their work will, in the absence of a general trian- 
gulation, be merely an approximation. Even if there be time for 
each to measure a base and perform a triangulation of his portion, 
there will be room for much inaccuracy in the traversing, so that the 
roads, rivers, and fences will not meet exactly in the margins of 
adjoining portions. 

If there be no opportunity of executing separate triangulations, 
and i£ the surveyors have to trust entirely to the accuracy of their 
traversing, the errors will be larger, and the task of combining the 
sketches will require much judgment. 
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The chief guide will be the true meridians, which each surrejor 
will lay down on his portion with care, having ascertained the exact 
variation of the compass with which the survey was executed. This 
true meridian, being the one thing common to all the surveys, the 
lines representing it will be parallel in each. 



Thirdly. When a general triangulation is impracticable, and there 
is no map of tho country, the track on which the army marches will- 
form the common boundaiy between the sketches made on either side 
of it. A certain "bearing should be adopted as the lateral boundary 
of each sketch (345° in Plate X) ; this bearing should be nearly perpen- 
dicular to the general direction of the track, and should be noted by 
each surveyor. On being shown the limits of his portion of the track, 
he will find by trial an object in the distance belonging to this bearing 
as shown by his compass, and will traverse the line in this direction 
carefully, as far as the depth to which his sketch is to be carried from 
the track. 

Each surveyor should be made especially responsible for the accu- 
racy of one of his lateral boundaries ; and each pair of surveyors, as A 
and B, C and D (Plate X), for the correctness of the portion of the 
track which is common to them. Suppose that each surveyor be made 
responsible for the correctness of the eastern boundary of his work 
(Plate X), he will devote his attention to this line, and trust to the 
man on hisHteft to traverse the western boundary accurately. In this 
way a much greater general accuracy may be obtained than if each 
man were to employ his time in sketching every part of his ground 
with equal care. In combining the sketches the necessary alterations 
will be made in the western margins only. 

The officer in charge of the operation will walk along the track 
with the surveyors, and leave a pair at each point of division of the 
surveys ; these points should be well marked by natural or artificial 
objects. The width of the sketches should be nearly the same. The 
combination of sketches performed thus, is very simple. 
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SECTION XXIV. 



ROADS. 

The conditions desirable in a road connecting iwo places arc 
that it should be straight and leTcl. Both those conditions can- 
not be fnlGlled by a road in ordinary country ; if level, it most 
follow a winding course, avoiding the eminences ; if straight, it must 
ascend and descend them. As a rule, " straightness should be sacri- 
ficed to levelnesa," and it is to be noticed that a road which wiudd 
through an andulating country is not necessarily longer than if it had 
been constructed straight over hill and vale in the manner of the old 
Roman roads : for these are straight only in the vertical plane, but 
corred in the horizontal plane j so that it might be possible that the 
increased length of a road, incnrred in avoiding the slopes, might not 
be much greater than that incurred in ascending and descending ; the 
advantage in such a case being all in favour of the former. 

For instance, the level road ACB (Fig. 96) is no longer than the 
straight road over the hill ADB. 

A general mle is, that in order to avoid an ascent, it ia allowable 
to increase the length of the road twenty times the vertical hfeight 
avoided. 

When the ascent of a hill is unavoidable, the road should, if 
possible, be laid ont so as to ascend continuously and never to descend 
partially. By ascending the hill obliquely, the gradient of the road 

Fio. 96. 







may be made as slight as may be desired, but its deflection frorn tbo 
straight line is the greater as the slope is slighter ; so that in laying 
out a road, the relative advantages of levelness and shortness have to 
be balanced. Sound judgment is required to decide the increased 
length which would be equivalent to a given slope ; or conversely, the 
steepness tvhich it would be justifiable to give to a road in order to 
avoid a wide deviation from ttie required hue of direction. 

It may bo necessary to zigz^ the course of a road in ascending a 
slope at a given gradient. As regards total deviation from the line o£ 
direction AB, the increased length of the road ACB (Fig. 97) is no 

(M. T.) I. 
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Fig. 97. 




greater than that of ADB, bnt the former is preferable, on acconnt of 
the loss of tractive power at the tarns and the greater labonr and ex- 
pense of constructing the latter. 

In laying out a road for ordinary purposes, the ralue of land enters 
into the question, and often limits the deflection from the line of direc- 
tion. But in military roads, such as that constructed in 1855 to con- 
nect the camp before Sevastopol with the base of supply at Balakla^a, 
such considerations do not exist. 



The Gradient. 

The effect of different slopes upon the tractive force applied to 
vehicles must be understood. To move a load up hill it is necessary 
to lift vertically the same proportion of the load as the height of the 
hiU is to its horizontal length ; thus in drawing a load of 2,000 lbs. up 
a slope of 1 in 20, the horse has continuously to lift ^th of 2,000 lbs., 
or 100 lbs., besides the power necessary to draw the load on level 
ground. 

Experiments show that on the moderate gradient of 1 in 24, or 
about 2|°, a horse can only draw one half as great a load as on the 
level ; on a slope of 1 in 10 only one quarter as much. 

The "angle of repose," or slope on which friction balances the 
inclination of a two- wheeled vehicle to roll down hill on a good road, 
is found to be about 1 in 35. Some horses can for a short distance 
exert six times their ordinary force, and might drag a light load for 
a very short distance up a slope of 1 in 10, but in constructing military 
roads such a gradient should not be approached. 

A strong horse dragging a load of a ton will rarely face a gradient 
of 1 in 20, but will almost invariably "tack" up it, thereby reducing 
the steepness by increasing the distance. And though hills as steep 
as 1 in 8 may occasionally be met with in country roads, horses do 
not really drag heavy loads straight up them, but by zigzagging 
reduce the gradient to that which it lies within their power to accom- 
plish. 

For military roads the maximum gradient should rarely exceed 1 
in 20. Such a gradient will retard the ordinary speed of a loaded 
wagon by one-half on a good road, and if the hill be more than 100 
yards in length, horses will require to stop for breath,* 

f Some of the most experienced ciTil engineerB conaider I in 30 to be the 
TnaT J Tnum gradient at which a road should be constracfced. 
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The Roadway. 

Roads for military purposes need only be wide enongh to permit 
wagons to pass each other ; for this 16 feet will be sufficient. Ordinary 
roads vary from this to 30 feet, according to their importance. This 
is, of course, irrespective of the width between the fences which booxid 
the road. 

The centre of roads is made somewhat higher than the sides, so tha^ 
rain water may at once run off into the ditches on either side.. A slope 
of 1 in 24 is usually given from the centre. 

Fia. 98. 
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A segmental section would make the centre too flat and the sides 
too steep, thereby inducing vehicles to keep to the middle of the road| 
and causing the wear to be unequal. The section should therefore 
consist of two inclined planes, with the angle at the centre slightly 
flattened. 

On a steep hill side, the cross section of the road is usually a plane 
inclined towards the hill (Fig. 99), and with the ditch on the inside, 
connected with numerous " culverts " (or drains passing under the 
road), to discharge the water. This system: is adopted to save the 
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road from the injurions e&ect of virater running over it from the high 
ground. 

When a road zigzags up a hill, it should be level at the turns, and 
its width should be increased at these points about one-half, otherwise 
the leaders of a team -would be unable to assist, and the work would 
fall altogether on the wheelers. 

The dryness of the bed of the road is of the greatest importance ; 
not only must no rain-water be allowed to rest on the surface, but all 
water should be drained from the earth beneath the road, else the 
latter will be continually out of repair. Therefore ditches must be 
dug one or two feet below the level of the road-bed, their depth and 
width wiU depend on the nature of the soil and the amount of water 
to be discharged, also on the &31 of the ground and the rapidity witii 
which water will flow : in wet, peaty, or friable soU the ditches mas6; 
be at least 3 feet clear of the road, a& their sides: oramble awa?f und 
fall iiv particularly in &osbjr weather*: 

(m. t.) l 2 



164 MATERIAL OF EOADWAY. 

The stone work of a road consists of two portions, the bed and the 
surface; the former shonld be composed of large blocks of stone, 
brick-bats, &c., the interstices in which facilitate drainage ; the latter 
of finer material giving as smooth a surface as possible, the latter 
should be renewed as it wears out, so that the traffic of the rt)ad may 
never come on the bed. 

The best stone for the surface of roads is that which combines 
hardness and toughness, such as basaltic or trap rock. Carboniferous 
mountain limestone binds and wears well. Flints, though excessively 
hard, are too brittle, and pulverise quickly. Granites are bad, except 
those which contain homeblende in place of felspar, known by their 
dark colour. Certaiu kinds of gravel are good road material. 

The surface stone or " metal " should be broken into pieces 
about 2^ inches diameter ; a layer of about 5 inches of this should 
first be laid. When this has been crushed down by traffic or by heavy 
rollers, and is nearly consolidated, another coating of about 3 inches 
should be added. Whilst the road is being formed, the traffic should 
be made to pass over every part of its surface equally, and the stones 
should be kept raked into the ruts worn by vehicles. After a little 
wear, a third coating of about the same thickness may be required. 

The sxirface of the road is nothing but a hard inelastic shell, to 
keep the road bed dry and to distribute the weight of passing vehicles 
equally over it. The compactness and solidity of the metal of a good 
road can be best realised by noticing the difficulty with which it is 
broken up or "lifted." 

Large stones should not be allowed to mix with the metal, as they 
will not bind, but will have a tendency to turn over and keep the sur- 
rounding stones loose. 

Gravel from pits forms a ffood road. The lower coats should be 
of " screened " gravel about 2^ inches diameter ; on the surface may 
be laid a coating of " binding" gravel containing a certain amount of 
grit, but no earth. 

When a fresh coating of metal is to be laid on a firm road, the 
surface of the latter should be scored transversely with the pickaxe, 
so that the new metal may amalgamate with the old. River or sea- 
beach gravel is too rounded and clean, and will not bind unless broken, 
or untn crushed by traffic. 

If the road bed be rock, the projecting points should be cut ofE and 
covered with a layer of earth before the road metal is laid down. 

In marshy ground the road bed should be raised above the general 
level, by sods laid on it. Brushwood or heath forms an excellent sub- 
stratum to a road, permitting the water to percolate, and keeping the 
road dry. 

Laying out the line op the road. 

If contour plans of the country are available they should be care- 
fully studied, and that which is apparently the best line selected, before 
entering into a particular inspection of the ground itself. Some idea 
of the prol)able site of the road may be gathered from any existing 
maps, however rough. 

Supposing that the site of the road is to be selected solely with 
regard to the physical formation of the country, and that the necessity 
does not exist of diverging for the sake of passing through certain 
villages in the vicinity, there will usually be some feature, such as a 
ridge, more difficult to cross than the rest. If there be a part of 
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this feature at wliich it can evidently be passed more easily than else^ 
where, this eonstitntes a " ruling point ** in the line of road. In a 
chain of hills the lowest " col " would be the ruling point, supposing 
that it is not too far out of the direct line, and that there is no 
great impediment to the construction of the road in the approaches 
to the col on either side. If a river is to be passed, the road might 
diverge from the straight line to a ruliug point, where the channel 
is narrow and the banks particularly &.vourable for the construction 
of a bridge. 

The primary ruling points having been determined, those con- 
nected with features of secondary importance are examined, and the 
comparative merits of alternative lines considered, deviating as little 
as possible from the direct line. 

A maximum limit of gradient may have been specified in the 
instructions. If the road has to pass over a hiU steeper than this 
gradient, it is not always necessary to lay it out at the greatest 
allowable slope throughout, bnt at the average gradient between 
ruling points which may have been selected upon it. It is only by trial 
that the best line between two ruling points can be fixed ; it may be 
necessary to modify the first idea, and the alteration of one part will 
entail a distribution of the change throughont the adjoining portions. 
Thus, supposing AB (Fig. 100) to be the direction of the road to lead 
into another portion, CD, the first idea may have been to lay out the 
road as shown at a, and it would only be by repeated alteration that 
the better line, h, could be arranged, avoiding the sharp turn at c. 
Such a turn is objectionable, not merely as being nnpleasing in ap- 

FiG. 100. 
J /a. 



pearance, bnt also as causing loss of power applied to check the speed 
of a vehicle and start it in a new direction.* 

The first operation in laying out the road on the ground is to place 
pickets, marking its centre, at short intervals throughout its length. 
The Watkin clinometer is useful in this operation to observe that the 
maximum limit of slope is not exceeded ; thus, supposing the limit to 
be 1 in 30, the surveyor, looking through the instrument, can signal to 
an assistant to move np or down hill at a convenient distance, usually 
from 20 to 50 yards, until the place is found where the top of a pole, 
the same height as the observer's eye, coincides visually witii 2** in the 
clinometer (2° being practically equivalent to 1 in 30). The assistant 
plants a picket here, to which the surveyor advances and repeats the 
operation. For the pnrpose of laying ont the road, it will be divided 
into portions, each lying between two "ruling points," between which 
the gradient will be made as nniform as possible. Should the line on 
■approaching the finishing " point " be found to have reached too high 
or too low a level, the pickets will be shifted so as to equalise the 
gradient thronghout. 

* In the construction of railwajs, the setting out of simple and of compound 
curves of large radius is performed by rule with an exactness which would be unne- 
/^essaij in roods such as uiose here described. 
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A level and straiglit road miglit be constructed between two places 
in nndnlating country, by cutting through the hills and making em- 
bankments over the hollows with the excavated earth ; but this is a 
method involving so much labour and expense as only to be justifiable 
in extreme cases, and when it is evident that the labour is little 
greater than would be required to construct a longer road avoiding 
the undulations. 

A certain amount of cutting may be advantageous when serving 
the double purpose of reducing the gradient and of supplying gravel 
or stone, which would have to be quarried somewhere for the con- 
struction of the road. 

The choice may be between the construction of a very tortuous 
road with moderate inclines, such as A, following the contour round 
the features, and a straight road, B, levelled by alternate cuttings and 
fillings. 

Tig. 101. 
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If the elevations and depressions are slight, the latter road would 
be the best ; but if the depressions are deep the labour of constructing 
A might be found by calculation to be much less than B. 

The amounts of cutting and filling should balance each other; 
the calculation of cubic contents of each being made as for parapets 
and ditches, and allowance made for- '^ &)isDimement " or inerease of 
bulk. 

The slopes of the side of" cuttings and embankmente will depend 
on the nature of the sodl ; in good chalk a cutting can be nearly 
vertical ; in loamy sand, \ ; in ordinary clay, \ ; marly clay will not 
stand at a steeper incline than ^. 

In considering whether the watersheds, the YaUeys^-or the sides of 
hill features ore best suited for the sites of roads, prafeienoe diould be 
given to the first, because in that part there will be ^he smallest 
amount of water, and the drainage .of the road 'mil be most eacdly 
provided for ; also because the orcms-'hftmg of earth w!hioh makes road- 
making on a hill side laborious, is avoided. 

The centre of the read ha.ving been marked' out by pickets, the 
level at which the road bed is. to be conBtorncted nmst be plamly shown ; 
this is done by '* boning staves " and pickets. The former aremerely 
pieces of wood of similar length (about 4 feet), with a cross-piece 
nailed on them, used thus: — Suppose the groundbetween, A and B is 
to be brought to a uniform slope, pickets are driven in at these points 
with their heads a similar height above ground. Bouing«taves being^ 
held on these as shown, a person at A looking along the Hue formed 
by the tops of the boning staves, can direct a third person as to l^e 
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depth to wHoh he will hammer pickets in the intervemng ground 
iintil the head of a boning staff, held on each picket in sncceBaion^ 
comes into the plane of sight. It is then only necessary to direct the 
working party to cut or fill the ground to within a similar number of 
inches from tiie top of all the pickets. 

The width of the road is measured on either side of the centre 
pickets ; af tor which the exact edges are marked by a continuous 
narrow cut, called a " look spit," made in the tnrf . The pickets whioh 
mark the width of the road should he hammered in so far that their 
heads may show the lerel of the sides of the bed, with a fall of 1 in 24 
from the centre, as previously mentioned. 

The ditches will also be marked out, and the side paths when 
required. 

An accurate survey of the proposed road sfaouid be prepared on a 
scale lai^ enough to show the minutest detail, osnaUy Yjfss *>^ tsW- 
Also sections where any peculiarity of construction occurs, such as 
where the road is partiy cut oat of a hill side, and designs of ihe 
bridges that are to be erected. 

MocMTAiN Roads. 

In the Himalayas especially, soldiers are much employed in road 
making, and therefore some of the peculiarities of these roads may be 
noticed. 

The BJimalayan watersheds are usually so steeply inclined, that 
the sites of road cannot be found on them ; the roads are, as a rule, 
"nicked," or cat oat of the hill side, the excavated earth being thrown 
down the mountain. Occasioually the slope of the hill side is gentle 
enough to afford some foundation for the excavated earth ; when this 
is the case, the labour of construction is much reduced. A retaining 
wall is built, as shown in the figure, usually of diy stone, to support 
the earth. In the roads near hill stations, this wall is raised about 
3 feet, forming a parapet wall to prevent accidents ; openings for 
the escape of rain-water are left here and there in it. A drain is 

Wia. 103. 
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formed on the inner side of the road to catch the surface-water ; this 
drain passes through culverts under the road at intervals depending 
on the quantity of water, and discharges it down the mountain. 

Sometimes the water is carried across the surface of the road in 
" water tables " or shallow paved depressions, constructed obliquely to 
its direction, so that both wheeLs of a vehicle may not strike the 
depression simultaneously. 

The chief difficulty and expense in these roads is in providing 
water-way at the places where they cross gullies. During storms, a 
body of water rushes down these with force enough to sweep a\f ay 
any obstruction, so that capacious bridges have to be constructed over 
insigiiificant watercourses. Great damage is done by landslips, caused 
by cutting the road out of the hill side, and thereby depriving the latter 
of its foundation. The earth or shale has always a tendency to 
resume its natural slope, and when weighted after heavy rain, the 
increased gravity overcomes the friction, and the mass descends, 
sweeping away the road or covering it. These accidents cannot be 
provided against in a new road. 

It is only a very few important routes that are constructed for 
vehicles. The roads are usually made only wide enough for pack mules 
and bullocks (8 or 10 feet). The soil is such as to answer as a roadway 
without any further preparation than levelling. 

In some places (e,g,y the Thibet route) the road is bracketed on 
to the face of cliffs which are not compact enough to bear under- 
cutting. 

The road is carried on a framework, of which the transverse pieces 
are wedged into holes drilled deep into the rock, and the outer edge 
supported, as shown (Fig. 104), by an oblique prop every 8 or 10 feet. 

Fig. 104. 




Wooden Roads. 

In forest country, ** corduroy roads" are formed by "felling a 
sufficient number of young trees, as straight and as uniform in sizo 
as possible, and laying them side by side across the road." Such a 
road would answer in swampy ground. 

Plank roads are used in America. Longitudinal sleepers, about 
6 inches thick, are bedded in the earth with their upper surface 
flush with it ; one sleeper to every four feet width of road. On these 
are laid transverse planks, 3 inches or more in thickness and about 
1 foot wide; every tenth plank fastened down to the sleepers by 
spikes. 

A piece of planking should be placed under the point of junction 
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of longitudinal sleepers to support this weak place where the weight 
is not distributed over a wide surface. 

The roadway depends chiefly on the earth for its support, and care 
is taken that there is no space between the planks and the earth. The 
sleepers are mainly of use in keeping the planks in position. 

The roadway is usually 8 feet in width, sufficient for one wagon. 
Alongside the roadway is an eibrthen track, usually 12 feet wide. 

Ditches to keep water from the road-bed are dug on each side. 

A layer of fine gravel or sand is thrown on the surface ; this 
becomes incorporated in the grain of the wood, and presents a per- 
fectly even surface. 

A road of this description might be improvised of railway 
sleepers. 

The friction on plank roads is calculated to be one-third of that 
on macadamised roods. 

Swampy ground may be made firm enough for the passage of 
artillery by merely coating it with hurdles, fascines, or branches laid 
across and across each other, the top layer being transverse to the 
road. The flooring planks taken from houses near the place form 
a good substratum to a surface of brushwood and branches. 
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SECTION XXV. 



DETERMByATION OP HEIGHTS AND DISTANCES. 



Peoblem I. 

To trace a right angle, or a perpendicular to a given line. 

A method snitable to any situation and practicable without the aid 
of a second person is : Let A (Fig. 105) be the point at which a per- 
pendicular to the line AB is required. Plant a peg at any convenient 
point 0, about 10 or 12 feet from A. Place the noose of a cord over 0> 
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take the length AC, and at this distance place one peg at d^ in the 
given line, and another at e in the line dQ produced, e belongs to 
the perpendicular. By means of this problem, the following can be 
performed. 

Pboblbm II. 

To find the breadth of a river or the distance of an inaccessible 
point 

By Geometry. 

The distance of x from A being required. Place a mark at A and 
another at a, perpendicular to Ax, 
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In the prolongation of the line marked by A and a, place a picket 
B, and another at a convenient point c, perpendicular to BA. Stand- ' 
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ing at c direct an assistant in placing picket d in the line cx^ he at the 
same time placing it in the alignment Aa. 

The triangles xAd^ c?Bc, are similar. Measure cB, B(i, dK. 

Then cZB : Be :: dA. : Ax, 

Observe that in constructing these figures on the ground, their 
size must be proportioned to the distance of the object. 

Second Method, — Place a mark at B in prolongation of a;A, another 

Fig. 107. 




at a convenient point c. Make cd equal to cB, and ce equal to Aev 
and place d and e in the prolongations of Be and Ac respectively. 
Find /-where xc and do would intersect when produced. The triangles 
a;Ac, fee are similar and equal ; and e/*, equal to Aa;, may be measui^. 

With the Pochet Sextant, 

Set the index at 90^, and find some distant object 5, perpendicular 
to Ax, 

Fia. 108. 




Set the index at 45^ and mov-e along this line towards hy until A 
and X coincide by reflection. AB is equal A». 

It is important that the observer should be exactly on the per- 
pendicular when finding B. In many cases it may be better to look 
for a point c belonging to the perpendicular in the opposite direction ; 
then the observer can align himself on Ac when moving outwards 
towards B. 

The observer should stand with the sextant vertically over the 
picket. 

By reference to the accompanying table of natural tangents, >the 
proportion between the sides may be readily found at various con- 
venient angles besides 45®. 
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Multiplier. Angle. Divisor. Angle. 

1 45° 1 45° 

2 G3 26' 2 26 34' 

3 71 34 3 18 26 

4. 75 58 4 14 2 

5 78 41 5 11 19 



6 80 32 

8 82 52 

10 84 17 

12 85 14 

15 86 11 

18 86 49 

20 87 8 

25 87 42 

30 88 6 



o. • • • . . 


.. 9 28 
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..7 8 


10 


.. 5 43 


12 


.. 4 46 


15 


.. 3 49 


18 


.. 3 11 


20 


.. 2 52 


25 


... 2 18 


30 


.. 1 54 



Set the index at any of these angles, and move along the perpen- 
dicular AB until A and x coincide by reflection. If the angle be 
greater than 45°, multiply the distance by the figure opposite the 
angle ; if less than 45", divide. The quotient or product will be the 
required distance. 

Thus, if at e (Fig. 108) the angle xeA be 26° 34', and the length of 

150 
Ae be 150 yards, the distance Aa? will be —^ = 75 yards. 

Problem III. 

To find the length of a line accessible only at the extremities as jcy. 

Place a mark at a convenient point A ; another at a in the pro- 
longation of and equal to Ay ; and a third at 5 in the prolongation of 
and equal to Aaj. 

Fig. 100. 




aAh is equal and similar to xAy^ and the distance al) may be 
measured. 

Problem IV. 

To find the height of an object accessible at the base on level 
ground. 

By Geometry. 

At any convenient spot plant a pole vertically and a picket in line 
with the object. 
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Fig. 110. 




At A, observe and mark the points he, in which the lines AB, AC 
intersect the pole. Then the triangles A6c, ABO being similar, 
measure Ac, cb, AC — 

Ac : he :: AC : BC. 

With PocTcet Sextant. 

Make a mark m on the wall at the height of the eye. Set the 
index at one of the angles given in the tangent table. Find a place 
where m and B coincide by reflection in the sextant. Measure the 
distance from this place to the foot of the wall under m ; multiply or 
divide this distance by the figure given for the angle. To this add 
the height of the eye above the ground. The angle 45° will give the 
distance equal to the height. 

In observing near objects, the parallax of the sextant might be 
appreciable at some angles, but would probably produce no error 
greater than one inch in the height of the object. 

Fig. 111. 




With the Clinometer. 

It is unnecessary to mark the height of the eye on the wall, as the 
instrument records the vertical angle with regard to the horizontal 
plane. Find a place where the top of the object appears to correspond 
with one of the angles given in the tangent table (as before) and 
divide the distance to the object by the figure corresponding to the 
angle. The quotient, plus the height of fiie observer's eye, is the 
height required. 

The clinometer being divided to show degrees only, the quantity 
equal to the number of minutes must be taken by estimation. 
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If the «wn be shining plant a pole Tertically; meafinre its lieiglit 
aad the lengths of its shadow, and that of the object. 

The shadow of the pole will evidently be to its height in the same 
propoi^don as the shadow of the object to ita height. 

Peoeibh "V. 

To find the height o£ an object, inaccessible at tiie base, on level 
grouiid. 

With Poaket Sextant. 

Find a place, D (Fig. 112), where the top of the object B and a 
point m. (estimated as the same height as the observer'a eye) coincide 




"by reflection ; the index having been set to any convenient angle giren 
in the tangent table. Make a mark on the ground at this place. 

Set the index at a larger angle (as 46*^, and advance in a direct 
line towards the object nntil C is found where Bm aabtends this angle. 

Measnre the distance CD ; divide it by the difference between the 
numbers opposite the angles in tho tangent table. The qnotient is the 
height to which must be added the height of the observer's eye. 

Thns, if Bire subtend 14° 2' at D, and 26° 34' at C, and the distance 
CD be 90 feet, the difference between the divisors is 2 ; the top of 
the boilding B is therefore 45 feet above the observer's eye. 

Or, if the space be limited, observe the angle mCB (Fig. 113), 
m being verticallv nndor B. Find a point ic in a horizontal line per- 
pendicular to wtO. Set the index at the complement of the angle 
miCB, and move along this line nntil y is found, where «iC subtends 
this angle. Measure yC, equal to Bm. Add the height of the eye. 
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Thus, if the angle mCB be 21° 10' the index is set at 68° 60' to 
find y. 

This method has the advantage of being independent of tables 
of tangents and all calculation ; it can be employed on level ground 
whether the base of the object be accessible or inaccessible. 

Clinometer. 

With the clinometer the tangent tables may be employed as above 
explained (Fig. 112), the observer advancing towards or retiring from. 
the object, until its top appears to coincide with the required degree. 

By Oeometry. 

Similarly to the method shown in Fig. 110, but the object being 
inaccessible, the distance AC must be found by Problem II. The 
triangle Ahc will usually be so much smaller than the similar tri- 
angle ABC, that the slightest error in the verticality of the pole or in. 
the measurements of Ac, c&, will produce a large error in CB. 

Peoblbm VI. 

To find the height of an object accessible at the base on sloping 
ground. 

By Geometry! 

Similarly to the method shown (Fig. 110). 

By Clinometer. 

Find the points at which the vertical angles of the top and of the 
foot of the object correspond with any of those given in the tangent 
table. Measure the horizontal distances of these points from the 
object. Calculate the height of each, and thence the total height of 
the object. 

For instance, at E (Fig. 112), the vertical angle of the foot of the 
object is obtained, 2° 52' (divisor 20). 

At K the vertical angle of H is 14° 2' (divisor 4). The distance 

50 
FE is 50 feet, therefore F is above the observer's eye — - = 2*5 feet. 

' ^ 20 

The distance FK is 130 feet, hence elevation of H =?^ = 32-5 feet. 

4 

Height HF 32-5 - 2*5 = 30 feet. 

The heights of objects observed with the clinometer may be 
approximately found by constructing the figure on paper, and 
measuring the required dimension at the same scale as the horizontal 
distance. 

By Trigonometry. 

At any convenient point C observe with the theodolite the vertical 
angles ACD, BCD. Measure BC. 
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In the right &ngled triangle BOD, the angles and hypothennse arc 
known to find BD. 

In the obliqne angled triangle ABC, the side BC and the angles 
are given to find AB the height required. 

Pboblbm VII. 

To find the distance hettreen two inaccessible objects and the 
difEerenoe of level between them. 

Let C and D (Fig. 116) be the two objects. 

Measure a base, AB, of convenient length midway between them. 
Observe with the theodolite at A the angles BAC, BAD, also the 
verrical angles of C and D, At B, observe the angles ABC, ABD. 

To find the aides AC AD, we have in the triangles ABC, ABD, 
two known angles and the side AB. 

To find CD (or the distance between the inaocessible points) 
there are now two known sides AC, AD, and the included angle 
CAD. 

To find the heights. In the right angled triMigles AOC, ADD' 
the sides AC, At) Mid the vertical angles are given, to find the per- , 
pendicnlars CO' and DD'. The difference between them is the com- 
mand reqaired. 

Fig. lis. 
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SECTION XXVL 



THE DETERMINATION OP THE LATITUDE AND LONGI- 

TUDE OF A STATION ON LAND. 

It is assumed that the stndent is provided with a sextant of the 
nsnal construction, an artificial horizon, and, for the determination 
of longitude, with a chronometer showing Greenwich mean time ; with 
a set of mathematical tables, such as that published in "Chambers's 
Educational Course,*" and with a Nautical Almanac for the current 
year. The explanations at the end of the Nautical Almanac are amply 
sufficient to direct the student in taking out quantities, and will repay 
Tery careful study. 

The methods of finding the latitude and longitude of a station 
are, properly speaking, a branch of a larger subject, viz., Spherical 
Astronomy, and they cannot be fully treated without reference to that 
subject. Without going to any great length, however, it is possible 
to choose out so much of Spherical Astronomy as is necessary for 
putting the methods of finding latitude and longitude practically 
before the student. This is most conveniently done by means of 
definitions and a few remarks in explanation of them. The needful 
introduction can be considerably shortened when, as in the present 
case, the methods to be explained depend on observations of the sun 
and fixed stars only, to the exclusion of the moon and planets. 

EiEST Notions of Spherical Astronomy. 

Introductory. — The appearance presented to the spectator by the 
heavens is that of the inside of a sphere of indefinitely great radius, 
on which the heavenly bodies are placed, and which turns with a 
uniform velocity about a fixed axis, one complete revolution being 
made in a (sidereal) day. This sphere is called the Great Sphere^ and 
its daily revolution, in which all the heavenly bodies partake, is 
called the Diurnal Motion of the heavens. The direction of the 
diurnal motion is shown by the daily motion of the sun, who rises 
towards the east and sets towards the west. The ends of the axis of 
revolution of the great sphere are the North and South Poles of the 
heavens ; these poles are vertically over the north and south poles of 
the earth respectively ; the north pole is near the well-known star 
called the pole star. 

When the heavenly bodies are observed, it is found that (with a 
few exceptions) they remain fixed relatively to each other, and, 
putting on one side minute motions which can only be detected by 
lohg-continued and very accurate observation, they have no apparent 
motion except the diurnal motion. These bodies are, therefore, called 
fixed stars. According to their brightness, the fixed stars are classed 

• In the following examples, the ** Nautical Almanac " for 18S1 has been used, 
and the new edition of " Chambers/' first published in 1878. 

(m. T.) M 
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as stars of the first magnitude, of the second magnitude, of the third 
magnitude, &c., tbe brightest being of the first magnitude. Thej 
are also divided into groups called constellations ; the principal stars 
within each constellation are known as a, j8, 7, . . . . of that con- 
stellation ; thus, the two stars of the Great Bear (called the pointers, 
because the line joining them on being produced passes nearly through 
the pole star) are named a-Urs89 Majoris, and jS-Ursee Majoris. A 
few Tery conspicuous stars have proper names ; thas, a- Lyras is also 
Yegay a-Aquilee is also Altair, and so on. 

The sun, moon, and planets, in addition, to the diurnal motion, 
are found to move relatively to the fixed stars ; so that if they are 
observed to be near a certain star on one day, they will be found after 
a few days or weeks to have left the neighbourhood of that star. 
Thia moti(Hi relative to the fixed stars is called their proper motion, 
1.6., the peculiar motion which each has in addition to the diomal 
^lotion, which all have in common. It is found that the proper 
motion of the sun is in a direction opposite to that of the diurnal 
motion, and that in virtue of its proper motion, it moves in the course 
of a year once round the great sphere among tJie stars. It is further 
found that this proper motion takes place along a great circle, ^»e., a 
circle whose plane passes through the centre of the sphere. 

The motions just described are, of course, apparent motions ; the 
diurnal motion of the heavens is due to the real rotation of the earth 
on its axis, and the proper motion of the sun is due to the actual 
motion of the earth in her orbit. However, we are here concerned 
with apparent motions only. 

In order to give exactness to our conceptions of these apparent 
motions, and of the apparent positions of the heavenly bodies with 
respect to each other, two sets of points and circles are employed ; 
one set fixed relatively to the spectator, the other fixed on the great 
sphere. It will be observed that the north and south poles of the 
heavens are fixed in both senses, and therefore belong to each set. 

Points and Lines fixed relatively to the 8pectato7\ 

(a.) The north and south poles of the heavens. 

(b.) If the direction of the plumb line at the observer's station is 
produced indefinitely upwards, it gives the Zeidth of the station ; if 
downward, it gives the Nadir, 

(c.) The great circle whose plane is at right angles to the plumb 
line is the "Horizon, This circle is sometimes called the Bational 
Horizon, to distinguish it from the Visible Horizon^ which is the 
circle that limits the visible part of the sea. 

(d.) Any great circle passing through the zenith and nadir is a 
Vertical Circle, 

(e.) The vertical circle passing through the north and south poles 
of the heavens is the Celestial Meridian of the station; or, more 
briefly, its Meridian, 

(/.) The vertical circle at right angles to the meridian is the 
Prime Vertical. 

(g,) The North and South Points of the horizon are the points* in 
which it is cut by the meridian, the north point being nearest to the 
north pole of the heavens. 

(h.) Ihe JEJnst and West Points of the horizon are the points in 
which it is cut by the prime vertical. The east point is to the nght 
hand of a man who faces towards the north point. 
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^h.y The JDireotion of the Meridiem is the line joimiig- <3ie north and 
south points of the borisson. 

(Z.) The pole abore Hike horizon is the Elevated PaTe, 





These definitions are illxistrated by Fig. 116, in which P and F* are 
the north and south poles ; O the position of the spectator at the centre 
of the sphere; Z and Z' the zenith and nadir; PZP'Z' the celestial 
meridian ; ZCZ'D the prime vertical ; ACBD the horizon, of which 
A and B are the north and south points ; C and D the east and west 
points. In Fig. 116 the north pole is the elevated pole. If S is the 
position occupied at any instant by a heavenly body, ZSHZ' is the 
vertical circle passing through S. 

These lines and circles are most conveniently represented by 
Fig. 117, which shows their projection on the plane of the horizom* 



Toints (md Lines fixed on the Qreat Sphere. 

(^a,y The great circle, whose plane is at right angles to the axis of 
rotation of the great sphere, is the Eq^uinoctial, or Celestial Equator ^ 
or simply the Equator, 

(&.) The equinoctial divides the great sphere into t\vo equal parts. 
The part in which the Nbrth Pole is situated is called the Northern 
Semispheref the other part tlie Southern Hemisphere. 

(c,) It has been stated above that the sun's proper motion ta^es 
place along a great circle^ that great circle is the Ecliptic. 

(d.) The angle between the ecliptic and the equinoctiial is called 
the Obliquity of the Ecliptic ; it is an angle of about 23° 28'. 

(«.) The pointe in whicb the ecliptic cuts the equinoctial are ^e 
Equinoctial Poihte. THe sun passes tihroug^ one of these points 
toward' the end of March, and in doing so passes out of the soui^em 
into the northern hemisphere ; tbat equinoctial point is called the 
Vernal Equinox, or the First Point of Aries; it iis represented by the 
symbol T. The other equinoctial point, through which the sun 
passes toward the end- of September out of the nort9tem hemiiBplkepe 
intb the soutilem hemisphere, is the Autumnal' Equinoxy or the Eirst 
Point of Libra. 

(/.) A great circle drawn through the north and south poles of 
the heavens is & BeclinaMon Gvrcle. When it ia drawn thnangh the 
centre of a heavenly body, it is called the declination circle of that 

* It vaa^ be meattiDiiMl tluit?2^ i» <HimiQonly toifln.m tile ^rQjfiofcing.pimitj.aQr' 
that evezytluoe above the honzon. falls within the ciscle,.and er^i^hing' below- ^e 
hoxizon nUs without the circle in Hg. 117. 

(M. T.) M 2 
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(^.) The JDeclination of a heavenly body is the arc of its declina- 
tion circle intercepted between its centre and the eqninoctial. De- 
clination is reckoned from 0° on the equinoctial up to 90°, and north 
or south according as the heavenly body is in the northern or 
southern hemisphere. 

(A;.) The BigJit Ascension of a heavenly body is the arc of the 
equinoctial intercepted between its declination circle and the first 
point of Aries. Bight ascension is generally reckoned in time, one 
hour being 15°, and from h. up to 24 h., all round the equinoc- 
tial in the direction &om west to east, t.e., in the direction opposite to 
that of the diurnal motion, *so that the sun's right ascension is always 
on the increase. 




These definitions can be illustrated by Fig. 118, which represents 
the great sphere of the heavens, P and P' being the north and south, 
poles ; the great circle eNE, whose plane is at right angles to PP, is 
the equinoctial ; the circle tH^, inclined to the equinoctial, is the 
ecliptic. In virtue of the diurnal motion of the heavens, the point N 
(and with it all the lines and points on the sphere) would move in 
the direction ENe ; but in addition to this the sun, in virtue of his 
proper motion, moves once round the ecliptic in a year in the direc- 
tion tH/i. He is at T about the end of March. If S is the centre 
of any heavenly body and PSN a quadrant of its declination circle, 
tN is its right ascension (R.A.), and NS its declination (Dec.) ; 
these are the co-ordinates by which its positions on the great sphere 
are fixed. Thus, suppose that a star is in B.A. 2 h. 30 m. (or* 
37* 30') and Dec. 53** N. Measure r N in the direction r Ee equal 
to 37° 30', and draw PN, a quadrant of the declination circle, 
through N, make KS equal to 57°, then S is the position of the star. 
Again, suppose a star is in R.A. 22 h. (or 330°) and Dec. 39® S. ; 
measure the arc TEeM equal to 330°, draw P'M the quadrant of 
the declination circle through M, and make MT equal to 39° ; T is 
the position of the star. 

The right ascension and declination of the sun are gplven for every 
day of the year on pp. I, II, of the " Nautical Almanac." The R.A. 
and Dec. of about 200 principal stars are given on pp. 290—293 
and 311—366 of the " Nautical Almanac." 

Positions of Hea/venly Bodies relatively to the Spectator. 

If we combine Fig. 116 and Fig. 118 into one we obtain Pig. 119, 
the projection of which on the plane of the horizon is shown in 
Fig. 120. The dark lines in both belong to Fig. 116, the faint lines 
to Fig. 118. The apparent motion of the heavens is shown if we sup- 
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pose that the dark lines oontinae fixed, and that the sphere tarns ia 
snch a way that T oAd N are continually moving in the direction 
CEDe, and that all points in the heavens move the satue way, so that, 
for instance, a point B describes in. a day the circle RX.cR. The 
point R will therefore cross the meridian twice a day, viz., at X and 
at ». 

(a.) The passage of a heavenly body across the observer's meri- 
dian is called its Transit. The passage which takes place nearest the 
zenith is called the Superior Transit, and very commonly simply the 
Transit. The other passage is the Inferior Transit. 

(b.) The altitnde of a heavenly body is the arc of the vertical 
circle passing through-its centre, intercepted between the horison and 
the centre of the heavenly body. The altitnde of S is the arc SH. 

(c.) The Zenith Distance is the complement of the altitnde. The 
zenith distance of S is ZS, 

(d.) The Azimuth of a heavenly body is the arc of the horizon 
intercepted between the south (or north) point of the horizon and 
the vertical circle drawn through the centre of the body. The azimuth 
of S is the arc BH (or AH). The azimnth is sometimes called the 
Bearing. If BH is an arc of 60", its aaimuth or bearing is 60° east 
of south or 120° east of north. 

(e.) The Polar Distance of a heavenly body is the arc of its decli- 
nation circle between the body and the pole. The north polar dis- 
tance of S is PS, and its sonth polar distance is P'S. If the pole and 
the declination are of the same name, both north or both soath, the 
polar distance is 90° — declination, bat if they are of difierent names, 
one north and the other south, the polar distance is 90° + declina- 
tion. Thus, if the declination of a heavenly body is 20° S, its north 
polar distance is 110°, and its sonth polar distance is 70°. 

if.) The Hour Angle of a heavenly body is the angle between its 
declination circle and the meridian. The hour angle of S is the angle 
ZPS or the arc EN, The hour angle is reckoned east or west, and 
from 0" up to 180°. 

It is plain that the position of S relatively to the spectator ia known, 
if its azimnth and altitnde are known, or if its Hour Angle and Polar 
Distance are known. 

Measurement of Time. 

Before beginning the subject of the present article, it may be well 
to premise two remarks. 

First. In the present subject arcs of great circles are commonly 
reckoned in angle, bnt occasionally they are reckoned ia time. When 
an arc is reckoned in angle, i.e., is said to be an arc of so many 
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degrees, minutes, and seconds, the meaning is that the arc subtends 
at the centre of the sphere an angle of so many degrees, minutes, and 
seconds ; if the arc SH (Fig. 119) is one of 67° 36', the angle it sub- 
tends at O is one of 67° 36'. When an arc or angle is reckoned in 
time one hour means 16°, and consequent] j «ngle is reduced to time 
by dividing it by 16 ; thus — 

108° 20' 37-6* = 7 h. 13 m. 22*6 s. 

Secondly, In the civil reckoning of time, tTie day is held to begin 
at midnig)it» the hours being counted up to twelve at midday, and 
again up to twelve at the following midnight. In astronomical 
reckoning the day does not begin till midday (so that civil reckoning 
is twelve hours in advance of astronomical reckoning), and the hours 
are reckoned up to twenty- four hours to the following midday. Thus, 
liie instant off time which in civil reckoning is called 6th June 
^ h. 40 na. p.'m., is called in astronomical reckoning June 6 d. 2 h. 40 m,, 
vmi 0t4i June 8 h. 27 to. a.m. in civil reckoning is June 6 d. pOli. 27 m. 
in astronomical reckoning. 

(a.) The Apparent 8un is the sun that appears in the heavens. 

(&.) The Mean Sun is an imaginary heavenly body, supposed to 
TUtyve along i^e equinoctial with the apparent sun's mean or average 
nrotion in rigitt ascension. 

(c.) A Day is the interval of time that elapses between the depar- 
ture of a heavenly body from the meridian and its next return. It is 
an Apparent Solar Day, a Mean Solar Day, or a Sidereal Day, accord- 
ing as the heavenly body is the Apparent Sun, the Mean Sun, or the 
first point of Aries. The instant the heavenly body is on the meridian 
of a station (at superior transit) is noon, viz., apparent noon, mean 
noon, or sidereal noon at that station. 

(d.) The Apparent Solar Time (or Apparent Time) of an instant at 
a given station is the arc of the equinoctial intercepted at that instant 
l)etween the declination circle of the apparent sun and the meridian ; 
the arc being measured from the meridian westward and expressed in 
■time. In Pig. 119, if S is the apparent sun, the arc EDeN expressed 
in time is the apparent solar time of the irtstant the sun is in that 
position. Thns, if the arc EN is 40°, EDeN is 320°, or 21 h. 20 m., 
'which is the apparent solar time of the instant. 

(e.) The last article (d) gives the definition of the Mean Solar Time 
(or Mean Time) of an instant if for apparent sun we read mean sun. 
it also gives the definition of the Sidereal Time of an instant if fer 
apparent sun we read ^rst point of Aries. 

(/.) In the last two articles (^d and e), if the meridian is that of 
Greenwich the times are the Greenwich apparent, mean, and sidereal 
"times respectively. But if it is any other meridian the times are the 
Local apparent mean and sidereal times respectively. THie time of an 
instant is always reckoned with reference to some assigned meridiaiL 

(^.) The Equation of Time is the difFerence between mean and 
aiirporent solar time, or between the right ascensions of the mean .and 
apparent suns. Its value is given for every day of the year on 
pp. I, II of the Nautical Almanac. 

SErrAHT AlfD AlRTIFICIAL HOWZOW. 

The eetdani eoosistfi essentially of a frame ABC, to whieh is afiaclied 
an arm £!F, moveable round the centre (C) of the 
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AB; at the end of the arm and moveable with it is a mirror 0, 
called the index glass ; to the frame work is fixed a glass D, called the 

Fia. 121. 




horizon glass, the npper part of which is nnsilvered, the lower part 
silvered ; so that the upper part is transparent, the lower part a mirror. 
These glasses should be at nght angles to the plane of the instrument. 
Both the index and horizon glass have near them dark glasses to cut off 
a superfluity of light in case a very bright object, such as the sun, has 
to be observed. On the frame near E is a double ring into which a 
small telescope can be screwed with its axis parallel to the plane of 
the instrument, and pointing to the line which divides the silvered 
from the nnsilvered part of the horizon glass. In most instruments 
the rin^ and with it ihe telescope can be raised or lowered, so that the 
axis of the telescope may be directed to points either above or below 
the line dividing the silvered from the nnsilvered part of the horizon 
glass.' The arm CF carries a vernier, of which we will suppose the 
index to be F. Let O be the zero of the graduated arc, and suppose 
that when the index is at O the index glass is parallel to the horizon 
glass, consequently when the index is in any other position, as F, the 
angle OCF equals the angle between the mirrors. Let P and Q be 
iwo distant points, and suppose that a ray of light from P passes into 
the telescope after reflection at G and D, an image of P will be seen in 
the telescope : at the same time, suppose that rays of light from Q 
come through the nnsilvered part of D into the telescope, an image of 
Q wiil be seen in the telescope. If these two images are made to 
coincide, it is plain that a ray of light such as PC takes, after reflection 
at both mirrors, ihe direction DE. Now nnder these circumstances, 
the angle PHQ equals twice the angle between the mirrors (p. 110), 
and therefore, if the arc OF is graduated at twice its value, the angle 
PHQ ifl given^hy Rereading of OF. As P and Q are two distant 
points, t& angle PHQ is sensibly equal to the angle subtended by 
FQ at the eye, and the sextant enable^ the observer to measure that 
angja. 

The moreable arm CF is famished with two screws ; first a clamping 
flervw, which holds the arm fixed against any moderate external u>ro6 
except SQoh as is applied by means of the second, which is a tangent- 
Bcrecw, oi* small-motion screw ; on turning the tangent-screw, a slow 
jegnlAied motion is given to ihe arm. In nsing the instrument, it is 
beit id att the index very nearly right Iby the naked eye, applied neattr 
the riiur at K, and to clamp the arm. The observer should then scrow 
it ih* tdttfloope and finish the obiservation with fihe tangent screfw; 
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taking care not to work it too far in either direction. The telescope 
should be carefnlly focussed before being screwed in. 

The arc AB is graduated from O to B and from O to A ; the arc 
OA is graduated up to 6° or 10° ; the arc OB up to about 120"*. A 
reading taken on the arc OB is called an " on" reading ; one taken on 
OA is called an " ofE " reading. In an instrument whose radius is six 
or eight inches, each degree is divided into six equal parts, so that the 
reading is taken to 10' on the limb or graduated arc, and then the 
vernier enables the observer to read the arc OF true to 10" ; the rule 
being that the divisions read as degrees on the limb are read as 
minutes on the vernier, while those read as minutes on the limb are 
read as seconds on the vernier. In taking an "on" reading, the limb 
is read to the graduation line next before the index, and the vernier 
reading added to the limb reading. In taking an "off" reading, the 
limb is read to the graduation line next beyond the index, and the 
vernier reading is subtracted from the limb reading. 

N.B. — The case which holds the sextant generally contains a good 
many pieces, eye pieces, tubes, dark glass, &c. ; the most important of 
them is a small astronomical telescope, which gives an inverted image 
of the object seen through it. In the focus of its object glass, the 
telescope has two pairs of parallel wires, marking out a square space, 
near the middle of which the images to be obtained should be brought. 

The Errors of the Sextant — It was stated in the last article that the 
axis of the telescope is parallel to the plane of the instrument, that 
the index glass and horizon glass are at right angles to that plane, 
and that when these glasses are parallel, the index F should be at the 
zero point of the graduated arc O. As none of these conditions may 
be fulfilled, the instrument is liable to four errors ; but the errors are 
commonly small and can be corrected separately. 

(a.) To find out whether the axis of the telescope is parallel to the 
plane of the instrument. Set the instrument so as to bring the images 
of two stars (which should be 90° or 100° apart) into the field of view 
of the telescope ; set the telescope so that a pair of its wires is parallel 
to the plane of the instrument ; bring the images of the stars into 
coincidence on one of the wires ; and then by a motion of the wrist 
bring them on to the parallel wire. If they continue to coincide, the 
axis of the telescope is parallel to the plane of the instrument ; if not, 
the axis requires an adjustment which is made by turning a little 
screw, which joins the two parts of the ring that holds the telescope. 

(&.) To find out whether the index glass is at right angles to the 
plane of the instrument. Set the index at about 60°, bring the eye 
near the index glass so as to see the arc FB and its image in uie* index 
glass. If the arc and its image are continuous, there is no error ; but 
S one appears tilted up so as to make an angle with the other, an 
adjustment is needed, which is made by means of screws. It would 
rarely be well for the observer to make this adjustment ; if the error 
is distinctly visible, the instrument should go to the maker. 

(c.) To find out whether the horizon glass is at right angles to the 
plane of the instrument. Set the instrument at zero ; look at any 
well-defined distant object through the telescope ; two images will be 
seen, one directly, the other by reflexion in the mirrors. By turning 
the tangent screw, make the one image pass over the other; if in 
passing the one image coincides with the other, the horizon glass is 
at right angles to the plane of the instrument ; if not, the glass needs 
adjustment, for making which means are provided. Strictly speakin|j^, 
the coincidence of the images would only prove that when the lines m 
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whicli the mirror3 cut the plane of the instrument ai'e parallel, their 
planes are parallel ; but then the index glass has been found to be very 
nearly, if not exactly at right angles to the plane of the instrument. 
It is also to be observed, that if the above errors (a, 6, c) are small, 
the errors they cause in the measured angle are very small. 

(d,) To find out whether the reading is zero when the mirrors are 
parallel, i.e., whether there is an index error. Referring to Fig. 116, it 
will be seen that if PC and QD are parallel, the angle at H is. zero, 
and consequently the angle between the mirrors is zero, i.e., the 
mirrors are parallel ; this will be the case when the rays PC and QD 
come from the same very distant point. Now in such a case the rays 
which pass directly from the point into the telescope will form one 
image, and those which fall on C and pass into the telescope after 
reflexion at C and D, will form another image ; consequently, if we 
set the instrument with C and D nearly parallel, we shall see both 
these images, and if with the tangent screw the images are brought 
into coincidence, the mirrors must then be parallel, and the reading 
of the instrument, if not zero, is the index error, " on*' or " off " 
according as the index falls between O and B or between and A. If 
the index error when thus found is large, it should be reduced by 
shifting the horizon glass ; but as it cannot be permanently corrected 
by mechanical means, its value must be foand from time to time by 
observation, and for this purpose, though the above method is theo- 
retically exact, the following is found to be best. Having turned 
down the requisite dark glasses, and having focussed and screwed in 
the telescope, set the index at 30' on. If the observer now looks at 
the sun through the telescope, he will see two images of it; with 
the tangent screw he brings them into exact contact, and reads 
the graduated arc ; he then sets the instrument at 80' ofE, and goes 
through the same process. Half the difference of the readings is the 
index error; it is **on" or "off" according as the "on" or "off" reading 
is the greater. An " on " index error has to be subtracted from, an 
" ofE " index error has to be added to all readings of the graduated arc. 
Ex. The readings for index error are found to be 25' 40" on, and 
38' 10" ofF ; an angle being measured with the same instrument, the 
reading was 37^ 15 20" ; what was the true value of the angle ? 

38' 10" off. 
25 40 on. 



2) 12 30 



Index error , 6 15 off. 

Reading of instrument 37° 15' 20" 

' True value of angle 37° 21 35 

N.B. — If the readings are both " on" or both " off," the index error 
is half their sum, and is "on" or " off" according as the readings are 
"on" or "off." 

The artificial horizon is simply a little mercury, which just covers 
the bottom of a shallow dish of wood or iron. A glass cover is com- 
monly used to protect the surface of the mercury from the wind. The 
surfaces of the glass used should be strictly parallel. Of course any 
liquid will supply a horizontal reflecting surface, which is the essential 
piurt of the artificial horizon. 
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When the observer finds the angle of vertical elevation of a point, 
tibd anele he actually measnres is that subtended at his eye by flie 
line joining the point and its image formed by reflexion in the mer- 
onry. Now the image of a point seen in a plane reflector is formed 
on ifee line drawn from the point at right angles to the plane, tb» 
point and its image being at equal distances from the plane, but oA 
oppoBtte sides of it. Let AB be the surfoce of the mercury; P the 
pomt whose angle of vertical elevation (or altitude) at B, the eye of 
lA]et>l»erv6f, is required. Draw PNQ at right angle to BA produced, 
and make QN equal to PN ; Q is the image of P ; and the ang^6 
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measured by the observer is PEQ. Now, if P is so distant that the 
angle EPG is insensibly small, the angle PEQ equals PGQ, and the 
half of PEQ equals the half PGQ., i.e., PCN, which is the angle of 
vertical elevation of P at G, and therefore at E ; since in this case the 
distance GE has no sensible eflect on the angle. 

The following important points may be noticed here : — 
(a.) The sextant will not enable us to measure PEQ, if it is an 
angle of more than about 120°. Again it is found highly inconvenient 
to measure PEQ, if it is less than about 30°. Gonsequently when 
sextant and ai*tificial horizon are used the observer cannot measure the 
altitude of a heavenly body which is less than about 15°, or greater 
than about 60°. 

(6.) The image formed by reflexion in the mercury is inverted. This 
is a point of great importance when the altitude of the sun is to be mei^ 
sured. For though the altitude of the centre is required, it is found best 
to measure the altitude of the upper or lower end of a vertical diameter, 
or, as it is called, the altitude of the upper or lower limb. This being 
so, it is to be remembered that the image of the sun reflected from the 
mercury when seen in the inverting telescope is erect ; for the image 
has been inverted by the mercury, and again by the telescope. The 
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kangB Inflected from the mirrors is inverted. Let the obderver «ee ul 
Ute' tol e Hc e p e two images of the sun exactly in contad;, and let A'be 



INSTRUMENTAL PARALLAX. 187 

the ima^e reflected from the mercury and B the image reflected from 
the mirrors; the reading of the instmment will give the double 
altitude of the lower limb. Of course, if B had been the image 
reflected from the mercury, the reading of the ingtroment would give 
the double altitude of the upper limb. 

Instrumental PoroZZo^.-^Bef erring to Fig. 116, let h denote the per- 
pendicular disiance of C from DE, and a the diBtance of Q from C, 
the number of Beoonds in the ahgle CQE is 

h 
u Sin !"• 

«.^., if h and a wete 2 tnchefl and 100 feet respectively, the angle 
CQE contuns 5' 44", and if the observer tried to determine the index 
error of the instnnnent by the point Q, his determination, if otherwise 
correct, would be wrong by 6' 44". 

Again, referring to the same figure, in measuring the angle sub- 
tended by the points P and Q, at the eye of the olreerver, the angle 
required is PEQ, wirile that given by the instrument is PHQ. The 
required angle is greater than PHQ by a number of seconds given by 
the formula— 

;iSin(A-PHQ) 
i Sin 1" Sin A ' 

in which the perpendicular distance of C from DE is denoted by //, 
the distance of P from C by 5, and the angle CED by A. Of course the 
above formula gives a negative result if PHQ is greater than A. 

Thirdly, referring to Fig. 117, the vertical elevation of P at the eye 
is less than half the measured angle between the point and its image 
formed by reflexion in the mercury by a number of seconds given by 
the f ormxda — 

CE. Sin PEQ 

2PG Sin 1" • 

These three angles are all of the nature of parallax, t.e., the difference 
between an angle as it would be measured at a standard point, and as 
it is actually measured at a point not coinciding with the standard 
point. It is to be observed (1) that the above formulee are obtained 
on the supposition that the corrections, whose value they give, are 
small ; (2) that the corrections have no sensible existence when the 
points observed are heavenly bodies. 

Connection of Measured Altitvde, — ^When the double altitude of a 
limb of the sun has been measured, the following corrections are 
required :— 

(a.) Add or subtract index error, to get true reading. 

(6.) Divide by 2 to get the measured altitude of upper or lower 

limb.* 
(c.) Take out the semi-diameter from the Nautical Almanac, p. IT, 

and subtract or add it, according as the altitude of the upper 

or lower limb has been measured. This gives the measured 
. altitude of the centre. 
(d,) Take out the atmospheric refraction (" Chambers," p. 428), 

and subtract it. 

* At sea the dip of the horizon has to be subtracted instead of dividiog by 2 1 
but we are not here concerned with the methods used at sea. 
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(e.) Take out the sun's parallax in altitude (" Chambera," p. 429), 
and add it. 

The result is the correct altitude of the centre. 

The following remarks may be made with regard to these correc- 
tions. Those marked (a) and (6) have been already explained. In 
regard to (c) the semi-diameter of the sun is the angle subtended at 
the earth's centre by the semi-diameter of the sun's disc. 

In regard to (d), the correction for Atmospheric Refraction, it may 
be mentioned that when a ray of light passes from a vacuum into a 
transparent medium it is bent (or refracted) from its original direc- 
tion, and consequently the eye, being in the atmosphere, sees a point 
in space displaced from the position in which it would be seen if there 
were no atmosphere. This displacement is called the Atmospherio 
Befraction ; it takes place in a vertical plane and in such a manner as 
to increase the apparent altitude of the point; the amount of the 
displacement becomes less as the altitude is greater, and at a given 
altitude it is slightly different in different states of the atmosphere. 
The numerical value of the displacements are given in Tables of 
Atmospheric Refraction. 

(e.) The correction for Parallax is made in order to reduce an alti- 
tude measured on the surface of the earth to the altitude as it would 
be measured at the centre, which is the standard station to which all 
measurements are referred. The radius of the earth has a sensible 
magnitude in comparison with its distance from the sun, and therefore 
in the case of the sun this correction is necessary. If the sun is on 
the horizon the parallax is about 9'' ; this is called the Horizontal 
Parallax of the sun ; it is the angle subtended by the semi-diameter of 
the earth's disc if seen at the distance of the sun. In any other 
position the parallax equals 9'' X (cos. altitude) ; this is called the 
Parallax in Altitude, 

When the double altitude of a star has been measured, the correc- 
tion is made in the same way as in the case of the sun, except that a 
star has no semi-diameter, and no paralla^x, so that the corrections (c) 
and (e) are omitted. 

Ex. On the afternoon of September 15th, the double altitude of sun's 
upper limb was measured as 49" Itt' 50" ; the readings for index error 
were 17' 40" on, and 46' 10" off ; correct the measurement. 

46' 10" off 
17 40 on 



2)28 30 



Index error 14 15 off 
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Index error 


14 15 o 








2)49 83 5 


Semi-diam. (Sept. p. II, K. A.) . 


... 15 571 


Refraction 2' 5"* 

Parallai 8 

I 5? 


24 30 35-4 
1 57 


Corrected altitude of centre . . . 


.. 24 28 3S 



Ez. On the same evening with the same instrament, the donble 
altitade of a-Aqoilte (aUotr) was meaaored as 91° 28' 40". Correct 
the measnrement — 

Beading of inatnunent 91° 28' 40" 

Index error 14 15 ofF 



Befraction 

Corrected altitade of star . 



Dkfinitiok of Latitddb and Lonoitddb. 

The latitnde and longitade of a station aa shown on a map of the 
world or on a teiYesbrial globe, may be defined as follows : — 

Let the annexed fignre represent the earth regarded as a sphere, 
whose centre is ; L and M are the north and south poles, EOF the 

Fio. 124. 




great circle at right angles to LM is the eqnator; any great circle drawn 
through the potes is a meridian, and if LOM passes through Oreenwich 
it is ^e meridian of Oreenwich ; let D be any station whose meridian 



, , t should be teiTOCtoi for prennre 
snd Umpenture b; the tabU on p. ISO. 
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is LDFM, ijken DF reckoned in angle is the latitade of I^, and GF 
likewise reckoned in angle is the longitude of D. These two arcs (or 
angles), GF and FI>are in fact co-ordinates by which the position of 
D on the eaarth's surface is fixed relatively to the equator and to some 
one meridian, which English geographers assume to be the meridian 
of Greenwich. Longitude is reckoned eastward of Ghreeawich up to 
180°, and also westward of Greenwich np to 180® ; latitude is reckoned 
from the equator up to 90° north, and from the equator up to 90° 
south. Thus, if GF is an arc of 20°, and FD an arc of 40°, D is a 
station in latitude 40° N. and longitude 20° B. A li^le consideration 
will show that the position of any point relatively to tfie equator and 
to the meridian of Greenwich is thus determined without any ambi- 
guity. Suppose that a station is in longitude 70° W. and 60° N., 
measure off the arc GE westward from G and equal to 70° ;. through 
E draw a great circle LEM, and on it measure EG northward from E 
and equal to 50° ; C is the position of the station. 

It will be observed that the arc GF measares the angle GLF ; so 
that, for example, if GF is an arc of 20°, GLF is an angle of 20° ; con- 
sequently the longitude of D is the angle between the meridian of D 
and the meridian of Greenwich. • 

An observer at any station, say at D, who wishes to find his latitude 
and longitude, wishes to find the angular value of the arcs DF and 
GF : he has (ordinarily) no means of doing this except observation of 
the heavenly bodies. It is therefore necessary to define the latitude 
and longitude of his station somewhat differently from what has been 
above given. 

First, as to latitude : — Let LDFM, Fig. 125,.repres3nt the meridian 
of the station D in Fig. 124, being the centre of the earth, which is 
still supposed to be a sphere. With centre O and any large radius 
describe the circle PEP'e, which will represent the section of the great 
sphere made by the plane of D's meridian, the circle PEP'e, therefore, 
represents the celefitial meridiaoi of D. Through O draw QLP, QDZ, 




PFE, and OMP' ; P and P' are the north and south poles of the heavens, 
. Z is the zenith of D, E is the zenith of F. If EO is produced to e, B and 
. e are the points in which the celestial equator or equinoctial outs the 

celestial meridian, and, as the sun is near the zenitn of 7 at midclaj'^ 
'. E is the point near which the sun crosses the meridian at midday. 

P, E, P', e are in fact the sam« points as those indicated by iha tame 

letters in Fig. 119. It is plain that the ares ZE and DF measuM! Ihfr. 

angle DOF, they will therefore contain the same number of dogr e e i s 
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BiiB«te^ and Beconds. We thus obtain tbe following dsfioitaon : — Tha 
latUMtte cgF a riation u tha are (rvekoned' at an angle) of ihe otiiutial 
mmitUan Miierc^ted between the eenith of the etation and the equMioeHtd. 
b amviag at tiuB dsflnilaMi, we bare made ose of the aaamnptim 
t^Bt (£« earth is a sphffl-e, bat it doea not dspmid on that assanipttOB ; 
Hbo aec Zfi iathe latitade of D without raference to the praciu ab«pe 
«f I>F. Th» atadont shonid therefore fix his attention on the oeleatial 
mendioa wLd make himself ^miliai' with the foUowing coiuitiraotion : — 
Let PEP'e be the celestial meridian of the station, F and P' the itortii 
and aonth poles of the beavens, B and e the points in which the neri- 

Fio. 136. 




dian is cat bj the eqainoctial, E being the point near witicb the ann 
passes at noon. If the latitude of the station is north, the zenith will 
be in EP ; if south in fiP', and nnder anj circnmstances the arc BZ, 
reckoned in' angle (i.e., in degrees, minutes, and seconds), is the 
latitude of the station whose zenith is Z. 

Secondly aa to the longitude. — Referring to Fig. 124, suppose a 
sphere described with centre O and radius much greater than OL to 
represent the great sphere, and suppose the planes of LFSf, LG-M, and 
LEU produced to cut the surface of this sphere. This will give rise 
to Fig. 12?, in which PKP* is the celestial meridian of D, whose 
aenith is B, PGP' is the celestial meridian of Greenwich, and PHP* is 
the celestial meridian of C, whose zenith is A ; P and P' are the 
north and south poles of the heavens, and HGKis the equinoctial. 
Nov the extension of the planes does not chaiUgo the angles between 
them; conseqnontlj the angle GPB (which equals the angle GLD, 
Fig. 124) is the longitude of the station (U), whose zenith is B^ aud, 
of conrse, the arc GK in angle is also the longitude of that station. 
In like manner the angle QPA (or the arc QR in angle) is the Itingt. 
tude of the station (CJ, whose zenith is A. 



Fio. 127. 



Fio. 128. 
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Let ns now suppose these circles to be projected on the plane of 
the equinoctial as shown in Fig. 127, where P is projected into N ; 
PK, PG, PH into NK, NG, NH ; and A and B into Z and Z'. If the 
plane of the equinoctial is brought into the plane of the paper, we 
manifestly obtain Fig. 128, which is found to be by &r the most con- 
venient way of representing the circles of Fig. 127. It will be observed 
that the angles are not altered by the projection, so that GNK (or 
GK in angle) is still the longitude of the station whose zenith is Z' 
(or B). 

Hitherto we have spoken of longitude as being reckoned in angle. 
It is, however, frequently (or even usually) reckoned in time; so 
that, for instance, a station in longitude 51° 42' 27" W., might be 
(and indeed is usually) said to be in longitude 3h. 26m. 49*8s. 

Let S be the position of the mean sun at any instant, and let the 
angles SNH, SNG, SNK be expressed in' time; they are respectively 
the local mean time of the same instant at Z, at Greenwich, and at Z . 
Now we see that 

GNH = GNS - HNS 
and GNK = KNS - GNS, 

te., the longitude of a station west of Greenwich equals the Greenwich 
mean time minus the local mean time of the same instant ; and the 
longitude of a station east of Greenwich equals the local mean time 
minus the Greenwich mean time of the same instant. The same con- 
clusion would follow if S were the apparent sun, but then SNH, 
SNG, SNK are the apparent times of the same instant at the three 
stations respectively ; and the same conclusion would also follow if S 
were the first point of aries, but then the same angles are the 
sidereal times of the same instant at the three stations respectively. 
Hence the rule is : the longitude of a station is the difference between 
the time of any instant at the station and the time of the same instant 
at Greenwich ; the longitude is west if the local time is behind, and 
east if in advance of Greenwich time ; the times may be either both 
apparent solar time, or both mean solar time, or both sidereal time. 
It is to be observed (a) that the mean sun moves through 15° of longi- 
tude in one mean solar hour, and that the first point of Aries moves 
through 15° of longitude in one sidereal hour ; (5) if mean solar time 
is given in civil reckoning, it shoxdd be turned into astronomical 
reckoning. 

Ex. A phenomenon occurred at local mean solar time, 3rd April, 
10 h. 21 m. 5 s. A.M. ; the Greenwich mean solar time of the same instant 
was 31 m. 43 s. past 12 on the afternoon of April 3rd. 
Expressing both the times astronomically we have — 

G.M.T April 3d. Oh. 31 m. 43 s. 

L.M.T April 2 22 21 5 

Therefore the longitude of station is 2 10 38 W. 

Determination op Latitude. 

Latitude hy SurCs Meridian Altitude, — The altitude of a heavenly 
body increases from its rising till it reaches the meridian ; it then de- 
creases till its setting. The observer makes use of this fact as follows : 
A few minutes before noon, having turned down the requisite dark 
glasses, having set the instrument, and having focussed and screwed 
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in the telescope, lie brings the two images of the sun into contact on 
the upper limb (mercurial sun below) ; as the sun is still rising, an 
overlap will be formed if the images are watched for a few minutes ; 
the observer, however, destroys the overlap as soon as any trace of it 
appears, so as to keep the two images in exact contact so long as there 
is any tendency to form an overlap. After a time the two images 
begin to separate, showing that the sun has begun to fall in the heavens ; 
the observer then reads the instrument and thereby obtains the 
greatest, t.e., the meridian altitude of the sun. The latitude is then 
inferred thus : — 

(a.) Correct the observed altitude. 

(6.) Subtract the altitude of the centre from 90° so as to obtain 
the zenith distance, and mark it N or S, according as the 
zenith was north or south of the sun. 

(c.) Take out the declination from the Nautical Almanac (p. I or 
II of each month) and mark it N or S, according to the entry 
in the almanac. 

(d.) If the entries are both N or both S, the latitude is the sum, 
and is north if both are marked N, but south if both are 
marked S. If one entry is marked N and the other S, the 
latitude is their difference, and is north if the larprer entry is 
marked N, but south if the larger entry is marked S. 

It is to be observed (1) that if the observer faces south when 
•making the observation, his zenith is north of the sun ; but if he faces 
north, his zenith is south of the sun ; (2) that if the observer takes 
the time of the observation from the chronometer, he knows (at least 
approximately) the Greenwich mean time of the observation, and then 
takes out the declination of the sun from p. II of the Nautical 
Almanac. If he does not use the chronometer, he knows that the 
observation was made at local apparent noon ; he also knows the 
longitude approximately; he therefore knows approximately the 
Greenwich apparent time, and takes out the declination from p. I of 
the Nautical Almanac. 

Ex. On 1st Dec, 1881, the observer facing south measures the 
double meridian altitude of the sun's upper limb to be 96° 32' 40" ; 
the longitude is approximately 2 h. 3 m. 50 s. E ; the index error of 
the instrument is 3' 20" on ; find the latitude of the station. 

(a.) Reading of instrument J 96° 32' 40" 

Index error. 3 20 on 



2)96 29 20 



48 14 40 
Semi-diam. (p. II) 16 16 



47 58 24 

Refraction and paraUax (Chambers,! rv a 4^ 

p. 428, 9) J 

47 57 39 

(J.) 90 



Zenith distance 42 2 21 N 

(M. T.) If 



194 MIXITAEY TOPOGJULPHY. 

(o.) Greenwich apparent time of obfiervation 
Nov. 30 d 21 h. 66 m. 10 a. approadmately. 

Sun's declination (p. 1, Novem.). . . . 21° 52' 23^^ S 

(d.) First entry 42° 2' 21''N 

Second entry 21 52 23 S 



•^•^m^ 



Latitude , 20 9 58 N 

It is easy and instructive to veiify this result by drawing a figure 
as follows : — Draw a circle to represent tUe meridian of the station as 
in Fig. 126 ; mark P, P', the north and south poles of the heavens, 
and E, e, the points at which the equinoctial cuts the meridian; 
measure off EA equal to 21° 52' 23" to to the south of E (as the 
declination is south). A is the point at which the sun crosses the 
meridian ; from A measure AZ northward (as the zenith is north of 
the sun) equal to 42^ 2' 21" ; Z must fall to the north of E, and ZE 
must equal 20° 9' 58", the latitude of the station which is north, 

Latitvde hy Meridian Altitude of a known Star, — In making the 
observation we have to deal with two images of the star which are 
merely bright points, and which must be brought into coincidence, or 
rather, for the instrument will not be auite without motion, brought 
together so that the one image passes through the other. As this is 
done be&a:e the star comes to the meridian, the mercurial image tends 
to rise in the field of view of the inverting telescope ; the images rnust^ 
however, be kept together by the tangent screw, until the mercurial 
image is seen to fall below the other ; when this takes place it iji 
known that the star is descending in the heavens, and therefore haa 
passed the meridian ; the reading of the instrument, after correctio«» 
will g^ve the meridian altitude of the star. If the star observed is ox» 
of those given on pp. 290 — 293> N. A., its declination is known from thi^ 
Nautical Almanac. The latitude of the station is inferred from tint 
meridian altitude and the declination in just the same way as in th» 
case of the sun. 

"Ex, On Feb. 10th, 1881, an observer looking north measures the 
double meridian altitude of a Geminorum (Gasitor) as 69° 45' 20" ; ii^ 
index error of the instrument is 7' 20" on ; find the latitude of hia 
station. It will be found that the corrected altitude of the star ift 
34° 47' 38" ; also by Nautical Almanac, pp. 291 and 333 the declina-^ 
tion of the star is 32° 8' 48" N. Hence-- 

First entry 55° 12' 22" S. 

Second entry 32 8 48 N. 

Latitude 23 3 34 S. 

This result can be verified by drawing a diagram as abov» 
explained. 

N.B. — If a planet is observed the process is the same, but thei» 
are corrections for semi-diameter and parallax, and the declination 
must bo found from a knowledge of the approximate Greenwich mean 
time of observation. 

The method, above explained, of finding the latitude by a meridian 
altitude is the fundamental method. It has the great advantage thai 
the requisite calculation is shoi*t and easy. On the other hand, it is 
subject to the drawback that if the sun— which is commonly used — 
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18 belund a cloud when on the meridian, the observation cannot be 
repeated that day. In the case of a star the drawback is not so con- 
siderate ; for thongh the observer may fail with one star, he may 
Sttooeed with another. There are, however, methods of determining 
the latitnde by observations off the meridian, which will be found in 
woiks on nautical astronomy. One very valuable method is that of 
the pole star off the meridian ; the observation can be made at any 
time of night, and at any place on land between the latitudes of 15° 
and 60° N., supposing a sextant of the usual construction to be 
employed. The proper tables for deducing the latitude are given in 
the Nautical Almanac, pp. 477, 8, 9, and rules for using them with 
a worked example on p. 514 (1881). 

Detbrmination of Longitude and Watch Ebrob. 

In finding the longitude, watch error, and deviation of the com- 
pass, an altitude must be measured of the sun or of a star ofE the 
meridian. Now if a triangle is drawn whose angular points are the 
pole (P), the zenith (Z), and the sun or star (S), we have a triangle 
SPZ, whose sides are known, and of which we have to calculate 
an angle. It is highly convenient therefore to have this triangle 
definitely before the calculator, and for this purpose it is well to draw 
the annexed figure, in which the circle represents the horizon, and 
A, B, G, D its north, south, east, and west points, placed as in a map, 
viz., north point at top. Then AB is the meridian, D the prime 
vertical projected on the plane of the horizon, and intersecting in Z 
the projection of the zenith. If the observer is in the northern 
hemisphere, the elevated pole (P) is between A and Z ; if in the 
southern hemisphere, between B and Z. For an observation made 

Fig. 129. 




when the sun or star is to the east of the meridian, S is within the- 
semicircle ACB ; when to the west, within the semicircle ADB. The- 
above diagram, if S is the sun, is adapted for an afternoon observa- 
tion made in the southern hemisphere. A diagium thus drawn we 
shall speak of as ** the usual figure." If the sun or star is in the act 
of rising or setting S will, of course, be on the circumference of the 
circle ABCD. 

The Principle of Determining the Longitude of a station is very 
simple. The altitude of a heavenly body is measured at a certain 
instant of Qreenwich mean time. Now, three things are known, viz. 
(m. t.) n 2 
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(a), the declination and therefore tlie jpolar distance (PS in Fig. 129) 
of the heavenly body ; (&), the latitude of the station, and therefore the 
arc of the meridian from the pole to the zenith (PZ) or the co-latitude 
of the station; (c), the altitude, and therefore the zenith distance (ZS) 
of the heavenly body at the instant. Now the three sides being 
known the triangle PZS is known, and consequently the hour angle 
SPZ can be calculated. This is most conveniently done by the 
formula* — 

«. .iqpT- _ Sin (« - PZ) Sin (< - PS) 

®'^ *^^^ Sin PZ Sin PS. 

when 8 denotes the semiperimeter of the triangle. The logarithmic 
form of this equation is — 

2 log Sin iSPZ = log Sin {s - PZ) + log Sin {s - PS) + 10 - 

log Sin PZ + 10 - log Sin PS,t 

the logarithms being tabular logarithms. Now, from the hour angle 
SPZ, we can infer the local mean time of the instant at which 
the observation was made, and we know from the chronometer the 
Greenwich mean time of the instant, therefore we can infer the longi- 
. tude as above explained. It is to be observed (1) that it is always 
known whether the sun or star is to the east or west of the meridian 
at the time of observation ; (2), that when the hour angle has been 
found, the way of inferring the local mean time is different, according 
as the heavenly body is the sun or a star. 

Problem, — To find the local mean time of the instant when the sun 
has a given hour angle. 

(a.) Divide the hour angle by 15 to reduce to time ; the quotient 
is the local apparent time if the hour angle is west ; the quotient 
subtracted from 24 h. gives the local apparent time if the hour angle 
is east. 

(&.) Take out the equation of time from the Nautical Almanac. If 

the G.M.T. of the instant is known, the equation of time will be taken 

from p. II ; but if only the longitude is known the G.A.T. must be 

inferred, and then the equation of the time must be taken from p. I. 

, It is enough if G.M.T. or longitude be known approximately. 

(c.) Add the equation of time to, or subtract it from, the local 
apparent time according to the rule at the top of the column on p. I 
Nautical Almanac. 

The result is the local mean time. 

Ex. The sun's hour angle, at a certain station, was found to be 
430 18' 27" on the morning of the 8th of October, at an instant when 
the G.M.T. was approximately Oct. 7 d. 15 h. 43 m. ; find the local 
mean time of the instant. 

15)43° 18' 27" 

Hour angle , 2 h. 53 m. 13*8 s. cast. 

24 

Local apparent time 21 6 46*2 

Equation of time (to be subtracted). . 12 24*5 

Local mean time Oct. 7 d. 20 h. 54m. 21*7 

• There are similar formulae for cos'iSPZ and tan^iSPZ, either of which might 
be used. 

t 10 — log X is called the arithmetical complement of log x; thus log sin 
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To find the Longitude of a Station hy an Observed Altitude of the Sun, 
— The observer takes the sextant, his assistant the chronometer, which 
shows Greenwich mean time. The observation should be made when 
the snn is not less than about 20° above the horizon, and at least two 
or three hours from — say to the east of — the meridian ; other con- 
ditions being the same, the more remote the sun is from the meridian 
the better. The observer brings the two images of the sun to a very 
small overlap on the lower limb (mercurial sun at top) ; he waits for 
a few seconds, and at the instant the overlap disappears he calls 
"stop," and reads the instrument, while the assistant notes the 
Greenwich mean time of the instant at which the observer called 
" stop." The observation, when entered, stands thus : — 

• At G.M.T. Feb. 2 d. 19 h. 2 m. 43 s., d. alt. sun's LL. was 84° 24' 60". 

The longitude might be inferred from this observation ; but it is 
usual to make three observations in quick succession, and to infer the 
longitude from the means. Thus, suppose that two observations were 
taken directly after that abovu given, there are then then three obser- 
vations such as the foUowiDg : — 

G.M.T. Feb. 2 d. 19 h. 2 m. 43 s. d. alt. sun's LL. was 84° 24' 60" 

19 4 12 „ „ "85 2 30 

19 6 60 „ „ 85 39 40 



,, „ J.V r, w ,, ,, 



3)57 12 45 3)255 7 00 

19 4 16 86 2 20 

The observation which has to be calculated is, therefore — 

At G.M.T. Feb. 2 d. 19 h. 4 m. 16s d. alt. sun's LL. was 86° 2' 20". 

If the sun is to the west of the meridian the process is exactly the 
same, except that the observer brings the two images of the sun to a 
very small overlap on the upper limb (mercurial sun below) ; so that 
the double altitude of the lower limb is observed in the morning, that 
of the upper limb in the afternoon. 

The steps of the process by which the longitude is inferred are aa 
follows : — 

(a.) Draw the " usual figure " (p. 189) so that the triangle on 
which every thing depends may be distinctly before the calcu- 
lator. 

(&.) Correct the measured altitude and subtract it from 90°, so as 
to obtain the zenith-distance of the sun's centre (ZS). 

(c.) Subtract the known latitude from 90°, so as to obtain the co- 
latitude (ZP). 

(d.) Take out the declination from p. II of the Nautical Almanac, 
obtain from it the polar distance PS ; bearing in mind that 
polar distance equals 90° — declination, if pole and declination 
are both north or both south, and that polar distance equals 
90° + declination, if of pole and declination one is north and 
the other south. 

(e.) Calculate the hour angle SPZ by the above formula, viz. : — 

\T 51' 20" is 9-486 5982, and its arithmetical complement is 0-513 4018, which is 
easily -written down by the rule: — subtract the first right-hand digit from 10, and 
the rest from 9. 



198 



MILITABY TOPOGBAPHY. 



2 log Sin iSPZ = log Sin (s - PZ) + log Sin (« - PS) -f 
ar. c. log Sin PZ + ar. c. log Sin PS. 

(/.) From the hour angle infer the local mean time of the observa- 
tion, as above explained. 

(g,) By comparison of the local mean time of observation with the 
Greenwich mean time of the observation, infer the longitude. 

Ex. In latitude 23° 3' 40" S on the morning of the third of Febru- 
ary, the Greenwich chronometer showed 7h. 4 m. 15s., wben the 
double altitude of the sun's lower limb was 85° 2' 20'' ; the readings 
for index error were 29' 10" off and 35' 30" on. Find the longitude. 

(a.) The usual figure is drawn thus : — 




(h.) Correct the measured altitude 

35' 30" on 
29 10 off 



2) 6 20 



Index error. . . . 



3 10 on, to be subtracted. 



Beading of the sextant 85° 2f 20" 

Index error 3 10 on 



Measured alt. O's LL 

Semi-diam. (p. ii, N.A.) . . 



2)84 59 10 

42 29 35 
16 15-4 



42 45 60-4 
Paral. and Ref. (Chamb. pp. 428, 9) . . 56 



Corrected altitude 



42 44 54 
90 



Zenith distance 47 15 6 



(c.) Latitude of station 



23** 3' 40" S. 
90 



Co-latitude, PZ 66 56 20 
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(d.y Determine sun's (south) polar distance. The Greenwich 
mean time of observation reckoned astronomicallj is Feb. 2 d. 19 h. 
^m. 15 s. 

Sun's declination at G.M.N. Feb 2d... 16° 40' 527'' S. 
Diff. forl9h. 4m. 15s 14 1 

Declination at time of observation .... 16 26 52 S. 

90 

South polar distance, PS 73 33 8 

(e.) Calculate the hour angle, SPZ. 

ZS 47° 15' 6" 

PZ*. '. '. '. 66 56 20 ar. c. log Sin PZ . . 00361 708 

PS.... 73 33 8 ar. c. log Sin PS . . 00181460 

2)187 44 34 

s.. 93 52 17 

« - PZ. . 26 55 57 log Sin (s - PZ). . 9'6560412 

« - PS. . 20 19 9 log Sin (s - PS). . 9*5406415 

2)19-2509995 

log sin iSPZ .... 9-6254998 

Hence, JSPZ 24° 58' 20" 

2 

Hour angle, east .... 49 56 40 

(/.) and (g.) Determine local mean time and thence longitude. 

15)49° 56' 40" 

3h. 19 m. 46-7 s. 
24 



Ma 



Local apparent time 20 40 13-3 

Equation of time (p. II, N.A.) 14 5*4 add 

Local mean time Feb. 2 d. 20 h. 54 m. 19 s. 

Greenwich M.T Feb. 2d. 19 4 15 

Longitude 1 50 4 

Hence the required longitude of the station is — 

1 h. 60 m. 4 s. E, or 2r 31' 0" E. 

N.B. — ^It has been assumed that the G.M.T. of the observation 
TPAA Feb. 2d 19 h. 4 m. 15 s. ; it might just as well have been assumed 
ihat the G.M.T. was Feb. 3d 7 h. 4 m. 15 s. If this had been done 
the longitude would have come out about 10 h. 10 m. W. In prac- 
tice this ambiguity would never occur. 
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Problem. — Given the hour angle of a known star* at any instant to 
infer the local sidereal time of the instant. 

Let P be the pole, the circle denoting the eqninootial as in 

Fio. 131. 




Fig. 128. PM is the meridian of the station, T the position of tht 
first point of Aries at the instant nnder consideration; then, tM, 
expressed in time, is the local sidereal time of the instant. Let S be 
a star whose hour angle is west, and equal at the instant to MN ; and 
let S' be another star, whose hour angle is east, and equal to MN' at 
the instant. Now it is plain that — 

tM = tN + NM = rN' - N'M. 

In other words, the local sidereal time equals 

Right ascension of star -f its hour angle if west, 
or Right ascension of star — its hour angle if east. 

A sum in the former case, a difEerence in the latter; but 24 h. 
must be struck off the sum if greater than 24 h., and 24 h. must bt 
added to the right ascension if the difference would otherwise be 
negative. The above rule will then answer for all cases. 

Ex. The hour angle of a Arietis was 55° 10' 18" E. on Nor. 10th, 
1881. What was the local sidereal time ? 

R.A. a Arietes (N. A., p. 32B) .... 2 h. m. 33-27 s. 
Hour angle, 65° 10' 18" 3 40 41-20 B. 

Local sidereal time required 22 19 5207 

Here, the hour angle being east, must be subtracted from the right 
ascension ; and the right ascension must be increased hj24ih.f because 
it is less than the hour angle. 

Prohlem. — Given the local sidereal time at any instant to infer the 
local mean time at the same instant. For the solution of this problem 
we may use the entries in the column on page II of the Nautical 
Almanac, marked "sidereal time," i.e., sidereal time of Greenwich 
mean noon. Now the sidereal clock gains on the common clock 
3 m. 56*555 s. of sidereal time in a day, or 9*857 s. in an hour ; hence, to 
find the sidereal time of mean noon at any other station, we must 
increase the sidereal time of Greenwich mean noon at the rate of 9*857 s. 
per hour of west longitude, and diminish it at the same rate per hour 
of east longitude. It will be observed that a small error in the longi* 
tude will not sensibly afiect the amount of this increase or decrease, 
and consequently that an approximate knowledge of the longitude is 

* By a known star ia here meant a star ivhose right ascension and dedioalia^ 
are giyen in the " Kautlcal Almanac ;'* they are found on pp. 819--866. 
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sufficient for the solution of the problem. We can, therefore, proceed 
as follows : — 

(a.) With the longitude as approximately known, determine the 

sidereal time of local mean noon. 
(5.) Subtract the sidereal time of local mean noon from the p^iven 

sidereal time of the instant, but the latter must be increased 

by 24 h. if less than the former. The result is the interval of 

time elapsed since local mean noon expressed in sidereal 

units, 
(c.) Express the interval in mean solar units by the table of time 

equivalents (Nautical Almanac, pp. 484 — 5), the result is the 

local mean time of the instant. 

Ex, Find the local mean time of the instant on the morning of 
January 3rd, when the hour angle of Castor is 47° 18' 12" W., at a 
station whose longitude is approximately 2 h. 18 m. E. 

(a.) Sidereal time G.M.N (p. II) .. 18 h. 49 m. 2-43 s. 
Deduct for 2 h. 18 m. east long. 22*67 

Sid. T. of local M.N 18 48 3976 

(5.) Hour angle west 3 h. 9 m. 12*80 s. 

. R.A. Castor (N.A., p. 333) 7 27 3*35 

Local sid. time of instant 10 36 16*15 

Sid. time of local M.N 18 48 39*76 

Sidereal interval since M.N 15 47 36*39 

I 

(c.) Convert the units by p. 484-5, N.A. 

15 h 14h. 57 m. 32*5566 

47 m 46 52*3002 

36s 35-9017 

•39 00*3889 

15 45 115 

Castor was therefore in the required position at Jan. 2d. 
15 h. 45 m. 1*15 s., *.e, at 3 h. 45 m. 1*15 s. on the morning of the third 
of January. 

To determine tUe Longitude of a Station hy an Observed Altitude of a 
Known Star, — Three altitudes of the star are measured, and the means 
of the altitudes and of the times taken, as in the case of the sun ; so 
that the observation to be calculated stands thus : — 

Sept. 29 d. 15 h. 2 m. 3 s. G.M.T. d. alt. of Arcturus, was 41' 38' 0". 

After the altitude has been corrected, the calculation is performed 
exactly as in the case of the sun, down to the determination of the 
hour-angle in time. From the hour-angle the local mean time is found 
as above explained, and the longitude is deduced by comparing it with 
the known Greenwich mean time of the observation. 

Or we may proceed thus : — Having determined the hour-angle in 
time, infer the local sidereal time of the observation. From the 
known Greenwich mean time of the observation infer the Greenwich 
sidereal time of the observation, as explained on p. 483 of the Nautical 
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Almanac; the longitnde can then be found by comparing the local 
gidereal time with the Greenwich sidereal time. 

Ex. Let the above-named observation be made with a sextant, 
whose index error was 6' 25" off, at a station in latitude 51** 20' 20" N, 
and whose approximate longitnde is 8 h. W. ; find its longitude exactlj. 

The usual figure is shown in the annexed diagram : — 




B 

Corrected altitude 20'' 49' 45" 

Latitude 51 20 20 N. 

Declination (p. 347, N.A.) 19 48 3 K 

Hence ZS = 69° 10' 15", PZ = 38° 39' 40", PS = 70° 11 57" 
and therefore SPZ = 81° 5' 14", or 5 h. 24 m. 21 s. 
We may then proceed as follows : — 

Hour angle 5 h. 24 m. 21 s. W. 

Right ascension (p, 347, N.A.) 14 10 16 

Local sid. T 19 34 37 

Sid. T. local mean noon 12 34 51 

Sidereal interval since mean noon 6 h. 59 ra. 46 s. 

Local mean time (p. 484, N. A.) Sept. 29 d. 6 h. 58 ra. 37 s. 
Greenwich mean time, Sept. 29 d. 15 2 3 

Longitude 8 3 26 W. 

Or we may proceed thus : — — — — ^— 

Greenwich mean time 15 h. 2 m. Ss. 

Interval in sid. units since M.N. (N.A., p. 482). .15 4 31 
Sid. T. of G.M.N. (p. II) Sept. 29 12 33 32 

Greenwich sid. T 27 38 3 

Or G. sid. T 3 38 3 

Local sid. T. (as above) 19 34 37 

Longitude 8 3 26 W 

The Chronomeier. — Hitherto we have spoken of the chronometer, mi 
if it gave the exact Greenwich mean time directly. In point of fact 
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ilus is never the case, as a chronometer always has a certain small 
dailj gain or loss. If it is in good order, the daily gain or loss is called 
the rate of the chronometer. When a chronometer is put into the 
hands of a traveUer, he has with it a memorandum stating that on a 
certain day it was so much fast or slow, and had then a gaining or 
losing rate of so mnch per diem. It is evident that nnder these cir- 
cumstances, if the rate continue constant, the obscr\'er knows the 
Greenwich mean time at any instant, thus : — Suppose the chronometer 
was 11m. 178s. slow at Greenwich mean noon, on April 3rd, and 
had a gaining rate of 4*1 s. per diem ; if it read 7 h. 27 m. 31 s. on the 
morning of the 25th of April, the Greenwich mean time at the instant 
would be April 24 d. 19 h. 37 m. 19 s. ; for it is now less slow by the 
gain of 4*1 s. per diem for 21 days and ^ths of a day, or by Im. 
39'6 s., i.e., it is now 9 m. 48*3 s. slow. This, however, depends on 
the rate continuing constant, and, as a chronometer is always liable to 
error of rate, the traveller whenever he is stationary for two or three 
days should determine the error of the chronometer at about the same 
time on successive days ; the errors thus dotennined ought to differ 
from each other by the rate. If it is found that the rate has varied 
there will be an unknown error in all the longitudes determined by the 
chronometer; in fact the traveller has lost the Greenwich mean time, 
and, unless other sources of information are at hand, ho can only 
recover it by means of lunar observations. 

To Determine the Error of a Watch showing Local Mean Time, — 
This problem is the same as that of finding the longitude as above 
explained ; except that the assistant notes the time from the watch, 
instead of from a chronometer showinjr Greenwich mean time. In all 
cases it is to be assumed that the longitude is known either exactly or 
approximately, and that the error of the watch is not great so that the 
Greenwich mean time is known approximately. Now (1) if we are to 
determine the local mean time from an observed altitude of the sun, we 
need the Greenwich mean time only for taking out the declination 
of the sun, and the equation of time from the Nautical Almanac, 
so that a small error in the Greenwich mean time will not sensibly 
affect the calculated local mean time. (2.) If we are to determine 
the local mean time from a measured altitude of a star, we need the 
longitude only for the determination of the sidereal time of local mean 
noon, and an error of 6 m., or V 30" of longitude, would introduce an 
error of barely 1 s. into the calculated local mean time. 

Ex. At a station in latitude 51* 20' 20" N., and in approximate 
longitude 3 m. s. W., on September 19d.,3h. 8m. 17s. by the watch, 
the double altitude of sun's upper limb was 50° 49' 30", the index error 
of the instrument being 2' 36" on ; find the error of the watch. 

The principal steps of the calculation are as follows : — The assumed 
approximate Greenwich mean time is, September 19 d., 3 h. 11 m. 17 s., 
and the sides of the triangle SPZ are ZS = 64'' 54' 24", SP = 
88° 43' 26", PZ = 38* 39' 40". 

Hence the hour angle is 49° 22' 11" W. 

The local apparent time 3 h. 17 m. 28 s. 

The equation of time (to be subtracted) 6 24 

The local mean time 3 11 4 

The watch showed 3 8 17 

Hence the watch is slow by 2 47 
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If the watch error had ttimed out to be large, the decimation used 
in calculating the hour angle might have been considerably in error, 
and this in turn might have sensibly afEect;ed the honr angle. In such a 
case the local mean time found as above mnst be considered as an 
approximate result, and the operation mnst be repeated, nsing the cal- 
culated local mean time instead of the watch time, and now the error 
in the assumed Greenwich mean time being small, the calculated watch 
error will be sensibly correct. In such a case as that given in the 
example, there is nothing gained by repeating the calculation, for 
though the Greenwich mean time turns out to be more nearly Sep- 
tember 19 d. 3 h. 14 m. 4 s. than September 19 d. 3 h. 11 m. 17 s., yet 
the declination taken out with the former date will differ fi*om that 
taken out with the latter date by less than 3". 

Ex. At the same station as in the last example, at 7 h. 3 m. 24 s. 
p.m. by a watch on September 29th, the double altitude of Arctums 
(which was to the west of the observer) was measured as 41° 38' 0" 
with a sextant, whose index error was & 25'' off. ; find the error of the 
watch. 

The sides of the triangle SPZ are found to be — 

ZS = 69° 10' 15", SP = 70° 11' 57", PZ = 38° 39' 40". 
Hence hour angle = 81° 5' 13" or 5h. 24 m. 20'8s. west. 
Right ascension (N. A. p. 347) . . 14 10 157 

Local sidereal time 19 34 37 

Local mean time 6 59 56 

Watch time 7 3 24 

Watch is fast by 3 28 

K.B. — The watch error and longitude can also be found by an 
altitude of a planet, but account has to be taken of its proper motion. 



VARIATION OP COMPASS. 205 



SECTION XXVIL 



DETERMINATION OF VARIATION OF COMPASS AND 

DIRECTION OF MERIDIAN. 

The bearing of the magnetic north from true north, or, as it is 
called, the variation of the compass, can be found by observation of 
the sun. The principle of the determination is this : — The bearing of 
the sun from the magnetic north is observed with the compass ; his 
bearing at the same instant from true north is obtained from cal- 
culation; a comparison of the two bearings will plainly give the 
position of the one north point relatively to the other. The calculation 
may bo made to determine the sun's bearing — (I.) When he has a 
given observed altitude. (2.) When he is in the act of rising or 
setting. 

To find the Bearing of Magnetic North from true North hy an observed 
Altitude of the Sim. — The observation and calculation in this case 
closely resemble those used in the longitude problem above explained, 
so that we may treat the matter briefly. The observer takes the 
sextant and brings the two images of the sun together ; the assistant 
takes the compass and keeps the sun's disc bisected by the wire of the 
line of sights. When the observer has an exact contact of the two 
images of the sun, he calls "stop" and reads the sextant, and the 
assistant reads the compass ; the means of three such observations are 
taken as in the longitude problem, so that the data are such as those 
in the following example : — 

Ex. At approximate Greenwich mean time Sept. 30 d. 21 h. 42 m., 
the double altitude of the sun's lower limb was 61° 17' 40" (the index 
error, of the instrument being 8' 40" off), when the bear'ing of the 
sun's centre was 167° 45' east of magnetic north; the obser ration was 
made in the morning at a station in latitude 51 ° 20' 20" N. ; find the 
variation of the compass. 

The steps of the calculation are as follows :— ^ 

(a.) Draw the " usual figure." 
(&.) Determine the sides of the triangle PZS. 
(c.) Calculate the angle PZS, which is called the azimuthal angle, 
by the formula — 

2 log Sin |PZS = log Sin (^-PZ) + log Sin (s-SZ) 
+ ar. c. log PZ + ar. c. log SZ. 

(d,) Compare the angle PZS with the bearing from magnetic 
north. This is best done by making in the "usual figure" the angle 
AZH equal to the calculated value of PZS, and then making the 
angle HZN equal to the observed bearing from magnetic north (N), 
this angle, being measured back towards A, fixes the position of N 
relatively to A, and thus answers the question. 

In the above example we have : — 
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(a.) The " nsnal figure." 




(6.) The sides of the triangle to the nearest ten seconds are — 
PZ = 38° 39' 40", ZS = 59° 2' 20", PS = 93° 18' 40". 

(c.) Hence PZS equals 149° 4'. 

(d.) Make the angle AZH (Fig. 134) equal to 149° 4' ; and then 
measure back towards A the angle HZN equal to 167° 45', and we see 
that the magnetic north (N) is 18° 41' west of true north (A). 

¥ia. 134. 




The observer might take the altitude of a known star, while the 
assistant observed its bearing from the magnetic north. The calcula- 
tion would then be in all respects the same as in the case of the son, 
except that there would be no occasion to note the Greenwich mean 
time of the observation, as the star's declination does not sensibly vary 
from day to day. 

To find the Bearing of Magnetic North from true North hy ohserving 
the 8un*8 hearing from Magnetic North when Rising or Setting, — In an 
open country we may take the sky-line to coincide with the rational 
horizon, at least for the purposes of the present problem. Now on the 
horizon the atmospheric refraction is about 32', i.e., it about equals the 
sun*s apparent diameter. Consequently, when the sun's lower limb is 
seen to be about a semi-diameter above the sky-line, its centre is in the 
act of rising or setting. If at this instant its bearing from magnetic 
north or south be observed, we have the bearing at the instant th^ 
son's zenith distance was 90°. ISoyt an easy calculation will give us 
ike sun's bearing from true north or south at the instant its zenitk 
distance was 90°. A comparison of these two bearings will at onca 
show the bearing of the magnetic north relatively to the true north. 
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The Greenwioh. time of the observation is of course known ap- 
proximately, so that the san's declination is known ; also the latitade 
of the station is known. The bearing can then be calcnlated from the 
fonnoiai — 

Cos (lat.) Cos (bearing) = Sin (deoL) 

If the Sim's declination is north, the calculated bearing is the 
bearing of the sun from the north point of the horizon ; if the son's 
declination is south, it is the bearing of the sun from the south point 
of the horizon. In other words, the declination and the point fh)m 
which the bearing is reckoned are of tho same name. If this rale is 
used} none of the angles that enter the question exceeds 90°. The 
bearing is (of course) east of north or south in the morning, and west 
of nortii or south in the evening. 

Ex. In lat. 51° 20' N., the sun was observed to rise, bearing 81° 
east of magnetic north, on the morning of Aug. 5th ; the Greenwich 
mean time of the observation was 4 h. 20 m. A.M. Find the variation 
of the compass. 

The G.M.T. of the observation is Aug. 4 d. 16 h. 20m., and there- 
fore the declination is 16° 58' N. 

Log Sin 16° 58' = 9-46511 
Log Cos 51° 20' 979573 

9-66938 

Therefore, the bearing is 62° 9', i.e., as the declination is north, the 
bearing of the san is 62° 9' east of true north, and consequently the 
magnetic north is 18" 51' west of true north. 

The comparison of the bearings of the sun from true and magnetdo 
north can be effected, as was explained in the foregoing problem, by 
djrawing a iigare thus : the circle represents the horizon, A, B, G, D, 

Fig. 135. 




the north, south, east, and west points, Z being the zenith. Make the 
angle AZS equal the bearing of the sun from the true north (62° 9'). 
Make the angle SZN equal to its bearing from the magnetic north 
(81°) ; this gives the position of N, the magnetic north viz., 18° 51' 
west of true north. 

It may be observed (a) that in the calculation the quantities meij 
be taken to the nearest minute ; (5) that the time of sunrise or sunset 
may be taken from the table of semi-diurnal arcs in Chamber's tab]a% 
pp. 416, 417 ; (c) that the table of amplitadea, pp. 414, 415, mighit ba 
used instead of the above calculation, (d) This method of deter- 
mining the variation of the compass is not suitable in high latitudes. 
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The Direction of ilieMeridian at any station is, of conrse, known 
with considerable exactness when the variation of the compass is 
known. If the compass is held in such a manner that the reading 
eqnals the variation, so that the line of sight points to true north or 
south, two points taken in the direction of the line of sight will mark 
out the direction of the meridian. The instrument commonly em- 
ployed for "laying down a north line," t.e., for marking the direction 
of the meridian is a theodolite ; it may be well, therefore, to say some- 
thing more on the subject. 

Determination of the Direction of the Meridian hy equal altitudes,—^ 
Suppose that a heavenly body is at a given altitude before reaching 
the meridian, and that its bearing from the zero point of the horizontal 
limb of the instrument is read off ; suppose that without changing the 
position of the instrument, the bearing of the heavenly body from the 
zero point i^ read off when it comes to an equal altitude after passing 
the meridian. If the declination of the heavenly body has continued 
constant during the interval, it is plain that the observations were 
made when it was at equal distances from, but on opposite sides of, 
the meridian, and consequently that the mean of the two readings is 
the bearing of the zero point of the instrument from true south (or 
north). It is plain that when the bearing of the zero point from true 
south (or north) is known the telescope can be sot with its axis pointing 
due north or south. If a flag staff is then set up so as to be covered 
by the intersection of the wires in the focus of the object-glass of the 
telescope, it will be a north or south mark relatively to the centre of 
the instrument. 

(1.) The above method can be applied to any bright fixed star, 
and very good results obtained, provided the telescope is furnished 
with proper means for lighting up the wires so as to render them 
visible by night. 

(2.) If the observations are made on the sun, a correction will have 
to be made in consequence of his motion in declination between the 
two observations. 

Let S and S' be the positions of the sun at equal altitudes before 
and after noon, and let O show the direction of the zero point of the 
instrument. Then the first reading (R) is OH, and the second 




reading (R') is OH'. Now as the declination of the sun changes in 
the interval between the observations, the angle HZB is not exactly 
equal to the angle H'ZB ; and the arc OB, which is the bearing of 
the zero point east of south, is given by the formula — 

OB = i(R + R') + X, 
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where a; is a number calculated from the formula — 

Change of dec. in t 



X = 



2Cos(lat.) X Sin (^15 0' 



where t is the interval between the observations. The sign of x is 
negative when the change of declination is such as to bring the sun 
nearer the elevated pole in the interval. The reading is supposed to 
be taken in the direction east through south to west in the northern 
hemisphere, and east through north to west in the southern hemi- 
sphere. An error of a few minutes in t will not sensibly al^t the 
value oi X, The value of x rarely exceeds a few minutes of angle, 
and is very small near midsummer or midwinter, for then the sun's 
declination changes very slowly. 

Ex. On 16th September, in latitude 51° 20' N., the reading 
of the theodolite, when the sun had a certain altitude, was 47° 28' ; 
after an interval of 6h. 58 m., it was found to have an equal altitude, 
and then the reading of the theodolite was 170° 12'. What was the 
bearing of the zero point ? 

The change in the sun's declination per hour (N. A., p. I) is 58", 
and is such as to increase its distance from the north pole ; conse- 
quently X is positive. Andjwe have] j;^^ 

202;;^ 

^ ^ Cos 51^ 20' Sin 62° 15' 
= 409" = 6' 49" 

Hence the required bearing is ^(47° 28' + 170° 12') + 6' 49" or 
108' 57' east of south. 

Determination of the Direction of the Meridian hy the Pole Star, — 
(1.) When the pole star is at its greatest elongation, i.e., its greatest 
distance east or west from the pole, it is seen to move in the field of 
view of the telescope along a line which is sensibly vertical for several 
minutes together. The bearing of it from the zero point when in 
either of these positions is therefore easily taken. If the observer 
takes the bearing when it is at one elongation, and afterwards when 
it is at the other elongation, half the sum of the two bearings will be 
the bearing of the zero point from true north. 

(2.) If both these observations cannot be made, suppose that is 
the calculated value of thej bearing of the pole star from the true 
north point at one of its greatest elongations, and suppose that A is 
the bearing of the star from the zero point at the same instant, then 
the bearing of the true north point from the zero of the instrument is 
A + ^, the sign + or •— being used according as the star and the zero 
point are on the same side or on opposite sides of the north point. 
Care must therefore be taken to ascertain whether the pole star is at 
east or west elongation when observed. The numerical value of 
can be. calculated from the formula- 
Sin Sin c = Sin d, 

where c denotes the co-latitude of the station and d the north polar 
distance of the star ; but as d is always a small angle, being about 
.1° 20', and is a small angle except in very high latitudes, it is better 
to work with the above formula when put into the following shape — 

0Smc = d + 0-433" CotanV. 
(m. t.) 



210 MILITARY TOPOGRAPHY. 



It maj also be observed that if the latitnde is less than 50^, the second 
term of the right hand side of this equation can be omitted, and can 
be obtained from the formnla — 

6 Sin c = d, 

with an error less than one second. In the last two formnlee d is to 
be t^ken in s.econds, and then, of course, will be in seconds. 

jjx. In latitude 51° 20' 20" the bearing of the zero point of the 
instruu^ent was 86° 19' 30" west of the pole-star when at its greatest 
elongation on the evening of the 18th September, 1881. Find the 
bef^llfig of tie zero point from true north. 

N.P.D. (N.A., p. 316) 1° 19' 19-9", or 4759-9" log. 3-67769?8 
Co. lat. 38° 39' 40" ar. c. log Sin 0-2048196 

e = 7619-3" = 2° 6' 59*3" 388191 74 

71\e ^tar was at its greatest elongation east, and therefore the 
bearing of the zero point was 83® 12' 31 '. 

If.fl.T— In nraqtical work an observatioxi i^ ^w^ys ponnectp^ with 
pr^idoiis Vor|^ an4 therefore an c^bseryer would never be in doubt 
wTietner the grieatest elongation was east or west, i^i^t if ba w^re in 
doubt he could reason in a way that will be best explained by con- 
sidering the above example. The right ascension of the star is about 
Ih. 16m. ; it is therefore at its greatest elongation west at (about) 
sidereal time 7h. 16m., and at its greatest elongation east at sidereal 
time 19h. 16m. ; now, on the 18th Septemlser the sidereal time of mean 
moo^ was (about) llh. 50m., and therefore the star was at its greatest 
elongation east at about half-past seven in the evening, and tbis must 
have been the elongation at which it was observed. It may also be 
observed that if the value of*^ is calculated from either of the exact 
formulas the value of ^ comes out 2° 7' 0*4". 

Any other circxunpolar star can be used instead of the pple star, 
and its. bearing from tt© north or south ppint of the horizon can be 
c^lc^lated by the formula — 

Sin Sin c ::^ Sin d. 

The other formulas of the last article are applicable to the pple 
star pnly. T^jp pole star has the peculiar advantage that owing to its 
x^pan^p^s tP thp pole it remains sensibly at its greatest elongation for 
a mi^pli Ipngpr timp than any othey bright star in the neighbourhood 
of either nprth or aouth pple. However, a star with ^ polar distance 
of 20° would continue ior about two minutes witiun 1" of its greatpst 
elongation to an observer in latitude 40°, and consequently such a 
star as a-Trianguli Austral is could be advantageously used by an 
observer in South Africa oy in Australia for determining tfee direction 
o| thp mpridian. Sinailarly i8-Ur§83 Minpris or a-Ursas Majorisj and 
several others might be used at stations north of the equator. 
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SECTION XXVIII. 



DETERMINATION OF HEIGHTS BT THE BAROMETER. 



The Barometer. — Let CD be a glass tube of uniform bore 34 
or 35 incbes long, closed at D and open at C ; let it be filled with 
mercury and the open end stopped, say by the experimenter's thumb 



Fig. 137. 



ti 



let the tube be placed in a vertical position with the end C in a 
basin or cistern containing mercury EFG. If the end C is now 
Opened by removing the thumb some of the mercury will flow out of 
the tube into the cistern, but a column of mercury about 30 inches 
high will remaru in the tube, and above it a vacuum. The height of 
the barometric column is reckoned by the difference AB between the 
levels of the mercury in the tube and in the cistern, and its weight 
per square inch of section equals the pressure per square inch of the 
atmosphere on the surface BF of the mercury in the cistern. This is 
the principle of the mercurial barometer ; but, practically speaking, 
the instrume^it is made in several forms, and the traveller ought to be 
well acquai^ited with the particular instrument that he carries with 
hiiu. When the distance AB is said to be the height of the barometer 
the sta,tement requires two or three qualificsirtions. T&us, if the bore 
of the tube is less than- three-quarters of an inch in diameter, the 
mercury is slightly depresi^ed by the capillary action of the glass on 
the mercury ; again, a scale is attached to the instrument to enable 
the observer to read the height of AB ; the zero point is, of course, on 
the level of EF. Now if the pressure of the atmosphere varies 
mercury will fall out of the tube into the cistern, or will be forced out 
ol the cistern into the tube ; in the one case the level of EF will rise 
and in the other fall ; the amount of the rii^e and fall will depend on 
the cross sections of cistern and tube. Corrections of the reading are 
thus required for capillarity and capacity. There may also be errors 
of graduation and an error in the position of the zero point. 
" Barometers intended for accurate observation are now usually exa- 
(m. t.) 2 
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mined at Kew Observatory before being sent out, and a table is 
famished with each instrument showing its ' index error ' at every 
half inch of the scale."* 

When the height of the barometer has been thus correctly observed, 
it does not serve as a measure of atmospheric pressure such as can be 
compared with measures made under other circumstances, unless it 
has been corrected for temperature. The object of the correction is 
to determine the height of the barometer as it would have been if the 
temperature of the mercury had been 32° F. If this correction is to 
be made accurately a brass scale should be used as long as the tube of 
the barometer and correct at 32'' F. Now if with this scale the read- 
ing is h when the temperature is f° F., the corrected height will be — 

h'-hx 000009(jJ - 32), 

i.e., we must subtract from the measured height the nine one hundred 
thousandth part of the height for each degree Fahrenheit that its 
temperature is above freezing. It is not unusual to subtract the one- 
ten thousandth part of the height for each degree that the temperature 
of the mercury is above freezing. This, however, is the correction 
for the temperature of the mercury only without reference to the 
scale. In what follows we shall suppose that the height of the baro- 
ineter has in all cases been reduced to what it would have been at a 
temperature of 32° F. The temperature of the mercury is ascertained 
by a thermometer attached to the barometer. 

D^tertnination of Heights hy the Barometer, — Let P and Q be two 
stations, and let the vertical height of Q above P be denoted by Z. 
A formula, called the barometric formula, is to be found in several 
books ; this formula enables us to calculate the value of Z from the 
observed heights of the barometer and temperatures of the air at P 
and Q. For our present purpose it will be enough to say that the 
formula in question can be written thus : — 

Z = HAB + 0, 

where H, A, B,' and C are four numbers that must be calculated 
separately. When this has been done the value of Z can be found 
with very considerable accuracy by multiplying the first three together 
and adding the fourth to the product. Of course the multiplication 
can be facilitated by the use of logarithms; 

(1.) The value of H in feet is given by the formula — 

H = 60,380 (log h - log k), 

where h and h are the corrected readings of the barometer at P and 
Q respectively. H is the approximate height of Q above P, t.e., the 
calculated height as it would be if the temperature of the air were 
32°F., and the force of gravity constant and of the same value as in 
latitude 45°. 

(2.) The value of A is given by the formula — 

A = 1 + 0002036 (t - 32), 

where t denotes the mean temperature of the air in degrees Fahrenheit, 
i.e., half the sum of the temperatures of the air at P and Q. This 
factor is the correction for the temperature of the air. The tempera- 
ture of the air at the upper and lower strtion must be ascertained by a 
thermometer detached from the barometer. 

(3.) The value of B is given by the formula — 

B = 1 + 000256 Cos 2\, 

* Eyerett's '* Deschanel's Natural Philosophy," p. 157, 6th ed. 
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where X, denotes the latitude of the station. In calculating B it must 
be remembered that Cos 2X. is negative when X, is greater than 45"^. 
This factor is the correction for the variation with the latitude of the 
force of gravity at the sea level. 

(4.) Besides varying with the latitude gravity also varies with the 
height above the sea level; the correction due to this variation is 
denoted by C. If the lower station is not much above the sea level, 
and if n is the nearest number of thousand feet in the approximate 
altitude, we can find C from the formula — 

^ _ n(n + 52) 
21 

But if the lower station is considerably above the sea level, and it 
the heights of P and Q above the sea level to the nearest thousand 
feet are m and n respectively, then the value of C in feet is given by 
the formula — 

^ _ n{n + 52) _ m(m -f 52) 

21 21 * 

Thus if the height of P above the sea level were 3750 feet, and 
the approximate height of Q above P were 4580 feet, the values of 
m and n are respectively 4 and 8, and consequently — 

ri 8x60 4x5G io^^ 
^ = — 21- - -21- = ^^ ^''*- 

But if P had been only a few hundred feet above the sea level the 
value of n would be 5, and consequently — 

C = ^-^^ = 14 feet. 

The values of A, B, and C can be taken from special tables, which 
are printed on pp. 216, 217. 

Ex. In latitude 51° 30' N. the barometer after reduction read 
25*55 in. at the upper station, and 29*81 at the lower; the temperature 
of the air at the upper station was 50*5° and at the lower 63°. What 
was the height of the upper station above the lower ? 

(1.) Calculate H— 

Log 29*81 1*4743620 

., 25*55 1*4073909 



0*0669711 



Hence H = 60380 x 0*0669711 

(2.) The mean temperature of the air being 56*75*^ the first table 
gives — 

A = 1*0504, 

(3.) The latitude being 51° 30' the second table gives — 

B = 0*99944. 

Hence HAB =60380 x 00669711 x 1*0504 x 0*99944 = 42451 feet. 
(4.) Assuming that the lower station is not more than two or three 
hundred feet above the sea the third table gives — 

C = 11-5, 
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and therefore tlie height of the upper station above the lower is — 

42451 -f 11-5 = 4257 feet. 

BemarJcs. — The folio-wing points regarding the barometric formula 
are worthy of attention: — First. An accurate result can only be 
looked for when the traveller has a good instrument and uses it care- 
fully. For instance, if the readings of the barometer are 20 inches and 
25 inches, and an error of a tenth of an inch has been made in each 
case, the error in the calculated height may be as much as a twenty-fifth 
part of the whole. Secondly, There is no room for serious error in the 
corrections B and 0, and the corrections themselves are comparatively 
small. Thirdly, The correction for temperature of the air is of great 
importance, in extreme cases it may amount to as much as a tenth 
part of the calculated height. An error of one degree of Fahrenheit's 
scale in the mean temperature of the air will produce an error of as 
much as one five hundredth part of the calculated height. Unfor- 
tunately the temperature of the air is known only at the two stations, 
so that an incurable uncertainty exists as to the exact value of the 
mean temperature ; the best that can be done under ordinary circum- 
stances is to assume that the mean temperature equals half the sum 
of the temperatures at the upper and lower station respectively. 
Fourthly, No account has been taken of the effect of any moisture 
that may exist in the atmosphere. Fifthly. In regard to the constants 
that enter the barometric formula, the only one that calls for remark 
is the number 60,380, which is sometimes given as 60,200, 60,158, &c. 
These variations depend on the particular experimental determinations 
of the weights of air and mercury from which they are deduced. It 
is believed that the number 60,380 represents, for latitude 45®, the 
results of the best experiments. 

Approximate Formuloe. — When an observer has a table of logarithms, 
and the three subsidiary tables printed in this volume, the calculation 
of the height of the one station above the other i« so easy that there 
is little to be gained by omitting any part of it. However the follow- 
ing modifications of the barometric formula may be noted-^ 

(1.) The formula for the approximate height is sometimes given 
thus : — 

H (in fathoms) = 10,000 (log h - log h). 

If the example on page 213 were worked by this formula we should 
at once get H = 669*7 fathoms, and then correcting for temperature of 
air we should get — 

Z = 669-7 X 1-0504 = 703-5 fathoms = 4221 feet. 

(2.) A well-known transformation of the expression log h — log h, 
gives the following result : — 

H = 52,500 (h--h) -r- (h + h). 

If h and h were 30 in. and 28 in. respectively, the error would not 
exceed the two thousandth part of the calculated value of H, so that 
for heights up to 2000 feet, the formula could be used without sensible 
error. Nor is the error great for heights considerably above 2000 
feet.* If the example qn page 213 were worked by this formula and 
corrected for temperature of air, the result would be — 

* The fonuula — 

H . 52600 ^=-^/l + 1. li^\A 
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z = 52,500 X 4-26 x 10504-h 55-36 = 4243*5 feet. 

(3.) It is plain from the last formula that for points not much 
above the sea level the differences of elevation are at the rate of about 
91 feet for each tenth of an inch in the difference of the barometric 
readings, or the required height in feet may be found by multiplying 
the difference of the readings by ten thousand and dividing the pro- 
duct by eleven. Thus, if the readings were 29*87 in. and 29*365 in., 
the difference of elevation is 0*405 x lOOOO -r- 11 = 368 feet. 

The aneroid barometer is a secondary instrument that can be used 
as a substitute for a mercurial barometer. It is more portable, and 
indicates changes of atmospheric pressure more quickly than a mer- 
curial barometer. 

It is made in several forms ; the traveller should, therefore, make 
himself well acquainted with the particular instrument that he carries 
.with him. In principle it is a flat cylindrical box, from which nearly 
all the air has been withdrawn. The top of the box is elaatic, and 
yields to the pressure of the external air, tne extent to which it yields 
being greater or less according as the pressure is greater or less. The 
movements of the top due to variations of atmospheric pressure are 
small but are made evident by » means of a pointer (like the hand of 
an ordinary weather glass), the position of which on a properly Con- 
structed scale shows the atmospheric pressure at any insi»nt. The 
scale is graduated by comparison with a standard barometer. The 
instrument is compensated for temperature, and it is possible for the 
maker to effect this compensation with a considerable degree of nicety. 
A thoroughly good aneroid should give readings identical with those 
of a mercurial barometer reduced to 32° F. ; but it ought not io be 
assumed without careful comparison that any given instrument is 
^ood. If on several successive days, during which the temperature 
has varied considerably, the aneroid is compared two or three times a 
day with the reduced readings of a mercunal barometer, and it is 
found that the difterence between the readings of the two instruments 
is constant, it will follow that the aneroid has been properly compen- 
sated ; the constant difference is of the nature of an index error, and 
means are provided for adjusting it. Besides this preliminary testing, 
the aneroid ought from time to time to be conipared with a standard 
barometer to make sure that its indications are still correct ; for, like 
a watchj it is liable to go wrong. For successive observations an 
aneroid should be kept in one position, e.g., suspended vertically for 
each observation, 

The readings of the aneroid can be used fob the determination of 
heights in just the same way as those of the mercurial barometer, but 
there is no preliminary reduction of the readings to 32° F., for that 
is already done by the compensation of the instrument for tempera- 
ture. 

Ex. In latitude 47° at the lower of two stations, whose height 
above the sea level was 2100 feet, an aneroid barometer read 27*93 
inches, and thermometer 63*4° I^. ; at the upper the aneroid barotheter 
read 24*87 inches, and the thermometer 51*7* F. ; what was the height 
of the upper station above the lower ? 

Here as in the foregoing example, p. 213— • 



could be used up to 10,000 feet without producing an error of more than 2 or 3 feet 
at the uiost. 
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H 

A 

B 

Therefore HAB 

and C = 137 - 5 2 



G0380 X 00.503051 
l-0r.2M 
0-90082 
3201 




Required height. . . . 3210 feet. 

Remark, — Several aneroids by good makers were tested at Kew 
nnder the supervision of Professor Balfour Stewart. The results 
arrived at were as follows : — 

(1.) If an aneroid, correct to begin with, is used for a balloon or 
mountain ascent, it will continue to give fairly correct readings up to 
a decrease of about 6 inches of pressure. But its range of correct- 
ness can be considerably increased by previous comparisons with a 
standard barometer, the results of which are registered in a tabular 
form. 

(2.) If an aneroid is kept for some time at the top of a mountain, 
and is correct to start with, it will give good results in the descent up 
to an increase of about 8 inches of pressure. 

(3.) After being subject to sudden changes of pressure, the posi- 
tion of the zero of an aneroid gradually changes. 

(4.) A good aneroid of large size may be corrected for tempera- 
ture by an optician, so that the residual correction may be very 
small. 

(5.) Under any of the above circumstances, a large aneroid is more 
likely to give accurate indications than a small one.* 

First Table. — Values of A, 



Mean 


Factor. 


Mean 


Factor. 


Mean 

* 


Factor. 


temp. 




temp. 




temp. 




10° 


-9552 


35° 


10061 


60° 


1 -0570 


11 


-9572 


36 


10081 


61 


1-0590 


12 


-9593 


37 


1 0102 


62 


1 -0611 


13 


-9613 


38 


1 -0122 


63 


1-0631 


14 


-9633 


39 


1 -0143 


64 


1-0652 


15 


0-9654 


40 


1 0163 


65 


1-0672 


16 


-9674 


41 


1 0183 


66 


1 -0692 


17 


-9694 


42 


1 -0204 


67 


1 -0713 


18 


-9715 


43 


1 -0224 


68 


1-0733 


19 


-9735 


44 


1-0244 


69 


1-0753 


20 


-9756 


45 


1 0265 


70 


1 -0773 


21 


0-9776 


46 


1 -0285 


71 


1 -0794 


22 


-9796 


47 


10306 


72 


1-0814 


23 


-9817 


4^ 


1 -0326 


73 


1-0835 


24. 


-9837 


49 


1 -0346 


74 


1-0855 


25 


-9857 


50 


1 0367 


75 


10876 


26 


-9878 


51 


1 -0387 


76 


1-0896 


27 


-9898 


52 


1-0407 


77 


10916 


28 


0-9919 


53 


1 -0428 


78 . 


1-0937 


29 


-9939 


54 


10448 


79 


1 -0957 


80 


-9959 


55 


1 -0468 


80 


1-0977 


81 


-9980 


56 


1-0489 


81 


1-0998 


32 


1-0000 


57 


1 -0509 


82 


1 -1018 


83 


10020 


58 


1 -0529 


83 


1 -1038 


34 


1-0041 


59 


1 -0550 


84 


1 • 1059 



• Proceedings of the Eoyal Society," vol. 16, p. 480, a.d. 1868. The experi- 
mentB were *' executed in a Tery careful manner br Mr. T. W. Batcr." 
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N.B. If the thermometers are read to tenths of a degree, add 2 for 
every tenth of a degree to the fourth decimal place in the factor, e.^., 
if the mean temperature of the air is 51'7°F., the value of A is 
1-0387 + 0-0014 = 1-0401. 

Second Table. — Values of B. 



Lat. 


Factor. 


Lat. 


Factor. 


Lat. 


Factor. 


(f 


1 -00256 


80° 


1 -00128 


eff 


0-99872 


5 


100252 


85 


1-00087 


66 


•99886 


10 


1*00240 


40 


1-00044 


70 


0-99804 


15 


1 00222 


45 


lOOOOO 


76 


9-99778 


20 


1-00196 


50 


0-99956 


80 


0-99760 


25 


1-00165 

1 


55 


0-99913 


85 


0-99748 



N.B. In using this table interpolate for intermediate latitudes in the 
usual way, observing that the factor decreases as the latitude in- 

creases, e.^., if the latitude is 13® 10', the difference is 18x — ^o~ ^ 11> 
and tbe required factor is 1-00240 - 00011 =^ 100229. 

Third Table. — Valv£s of 0. 



Height 
in feet. 


Correction 


Height 


Correction 


Height 


Correction 


to be added. 


in feet. 


to be added. 


in feet. 


to be added. 


1,000 


2-5 


11,000 


33-3 


21,000 


73-7 


2,000 


5-2 


12,000 


36-9 


22,000 


78-2 


8,000 


7-9 


13,000 


40-6 


23,000 


82*9 


4,000 


10-8 


14,000 


44-4 


24,000 


87-6 


5,000 


13-7 


15,000 


48-8 


25,000 


92-5 


6,000 


16-7 


16,000 


52-3 


26,000 


97-4 


7,000 


19-9 


17,000 


56-4 


27,000 


102-5 


8,000 


23 1 


18,000 


60-6 


28,000 


107-6 


9,000 


26-4 


19,000 


64-8 


29,000 


112-8 


10,000 


29-8 


20,000 


69-2 


30,000 


118-1 



N.B. In the above table the height is that of the upper station 
above the lower, on the supposition that the lower is not much above 
the sea level. But if the lower is considerably above the sea level, the 
corrections must be taken out for the height of each station above the 
sea level, and then the value of C is the difference of the two correc- 
tions. Thus, if P were only a few hundred feet above the sea level, 
and the approximate height of Q above P were found to be 4580, we 
should say, height 5000, and therefore 

C = 13-7 feet. 

But if P were 3750 above the sea level, we should have the heights 
of P and Q above the sea level 4000 and 8000, so that the two correc- 
tions are 10*8 and 23' 1, and therefore 

C = 231 - 10-8 = 12-3. 

These results agree with those obtained by calculation on p. 21^. 

3 
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DlSOEIPTION -OF THE BaBOMBTRICAL InSTEUMBNTS. 

It has been shown that the height of the column of mercttry in an 
ordinary barometer requires correction for "capacity" when used as 
an indication of altitude. In the instruments constructed for measuring 
altitudes, known as " mountain barometers," there are means of 
measuring the actual height of the top of the column above the sur- 
face of the mercury in the cistern, and thereby of obviating the neces- 
sity for this correction. In these instruments the correction for 
"capillarity" (previously mentioned) is avoided by lowering the zero 
point of the scale of inches marked on the barometer the same quan- 
tity as that of the capillary depression. 

The barometer devised by M. Fortin is that most commonly used 
in these operations. The lower part of the cistern is a leathern bag, 
A, Fig. 138, compressed by a screw, B. To prepare the barometer for 
carriage, compress the mercury until it rises to within less than a 
quarter of an inch of the top of the tube, so that it may not have room 
enough to strike the glass a heavy blow if jerked, but may have suffi- 
cient space to expand with any increase of temperature. The instru- 
ment should be carried about with the cistern upwards, as a precaution 
against the introduction of air or the escape of mercury. 

When preparing to take an observation, the barometer is slowly 
turned right end upwards, and suspended from a tripod stand, in a 
vertical position, as shown in Fig. 139. The screw is then lowered until 
the surface of the mercury in the cistern falls to the level of the point 
of an ivory peg, P, Fig. 138, which is fastened in the cover of the cis- 
tern ; this is the case when the extremity of the point is seen to touch 
its image in the mercury. The upper part of the cistern is of glass, 
so that the surface of the mercury and the ivory point are visible. 

This point is the zero of the scale of inches engraved on the metal 
case which contains the tube. Thus the true height is measured free 
of " capacity" error, capillarity being compensated for as explained 
above. It is therefore only necessary to apply to the reading the cor- 
rections for temperature of the mercury (p. 212) and of the air. The 
" attached thermometer," #, Fig. 139, which is fixed in contact with 
the tube, shows the temperature of the mercury. The temperature of 
the air is shown by a detached thermometer. 

It is important that the top of the mercurial column should be 
always of the same form. The "meniscus" (^lywWos, a crescent) 
should be decidedly rounded ; if it appears flat the barometer should 
be tapped, or the mercury lowered and again raised by the cistern 
screw. 

The observer's eye being exactly at the same level as the top of 
the column, and the tube being so placed that there may be a bright 
light behind it, the vernier V, Fig. 138, should be moved until its 
lower edge forms an exact tangent to the meniscus. This edge is the 
zero of the vernier, which is usually divided to read 0*002, or -g^th 
of an inch. The barometer should not be exposed to artificial heat, or 
sunshine or rain when taking observations. 

The perf ectness of the vacuum above the column should be tested 
occasionally, as the presence of any air would entirely vitiate observa- 
tions. The cistern screw being turned so as to lower the column an 
inch or two, the barometer is inclined gently, and the mercury allowed 
to strike the top of the tube, when the sound should be a sharp tap ; if 
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muffled or dead the presence of air is I'ecogniBed. To expel it, the 
barometer shoald be tamed ciatern upwards, and the latter gently 
tapped ; by this meass the air will be forced to ascend and escape. 
This operation miist be performed with great care, so as not to frac- 
ture the tube. 

The junction of the tube to the cistern is usually ejected by a 
packing of chamois leather, which is sufficient to retain the ihtex;tirr, 
but porous enough to transmit the variations of air preisUt^. 

In some bai^meterg, instead of arranging for meaflufiDg the 
height of the column in such a manner that there may be nd correc- 
tion for capacity, the correction is applied to the obserfBd reading, 
thus : The maker marks a certain point in the scale of inches as the 
"neutral point" NP, being the height at which the coliitnn is found 
by comparison with a standard barometer to be correct^ as read by the 
scale of inches. He also marks the proportion between the internal 
diameters of the tube and of the cistern thus, ^g. It i6 evident that 
when the mercury stands higher than the NP, the Correction for 
capacity mnafc be added, when below the SP deducted frt«n the read- 
ing. Thus, if the capacity be -^j the NP at 298 itiches and the 
mercury stand at30'5, the correction will bo (30'5— 29-8) -^ = O'Ol?, 
which, added to the observed reading, makes the correct height 
30'617 inches. 

In some barometers the whole scale is moveable, and its zero 
capable of adjustment to the level of the mercury in the cistern, thereby 
obviating the necessity for correction for capacity. In others it is 
avoided by making the divisions on the scale less thaa time inches 
above the neutral point, and greater than true inches below it. 



Fia. 140. 
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Tlie Syphon barometer devised hy Oajr-LassEic is frequently nsed 
in determining Bltitndes. It coDBists of two glass tabes of simil&r 
calibre, set one above the other in the same vertical line (Fig. 140), 
and connected by a capillary tnbe bent as represented. The (Hjject of 
this tube is to prevent the entrance of any air into the upper part 
when the instmment is being carried about, as by reason of its very 
small calibre it always remains charged with mercury. 

The ends of both tubes are closed, but there is a fine panctnre at 
for the transmission of air pressars; this panctnre. is generally 
closed with a sntetance sufBcient to prevent the escape of mercary. 

The inatrntfient is reversed for carriage. Some patterns are pro- 
vided with an air trap. Fig. 141. Should any air find its way into 
the tnbe past the capillary joint, it is caught at aa and prevented 
from ascending' to the vacnum. 

The height of the barometric column is measnred by ine&ns of a 
fixed or of a moveable scale. If moveable, its zero is adjusted to 
correspond exactly with the horizontal hh, Fig. 140, and the height 
of the column is read by a vernier, which moves along the scale. If 
fired, it is provided with two verniers — one to read the height of the 
lower, the otrher of the upper meniscus ; the difference between these 
numbers shpwe the height of the column if the zero of the scale is 
below the lower meniscus. The sum of the numbers if the zero is 
intermedlfLte. 

No correction for capacity is required with this barometer, as the 
mercury rises as much in one tube as it falls in the other. The effect 
of capillarity is also generally neglected, but care inust be taken to 
bring the meniscus in eaeh tube to a similar form by tapping the in- 
strument, as the end of the column that is falling will be less convex 
than that which is rising. 



The Akeroid Barometer. 

The mechanism of ' this inatrnment is shown, Fig. 142, with the 
dial removed. Its principle has been explained, page 215. 

On account of its portability and strength, the aneroid will as a 
rulo be used bj military men in preference to the mercurial baro- 
meter. 

B is the flat cylindrical box nearly exhausted of air ; its surface 
is of very thin metal, corrugated in order to render it more sensitive 

FiQ. 112. 
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to changes of pressure. This box would- tend to collapse were ifc not 
supported by a spring S, to which it is connected by a pillar P. As 
the atmospheric pressure varies, the rise or fall of the surface of the 
box is communicated by the levers I and m to the pointer. 

C is a fine chain, passing round the pivot which carries the 
pointer ; and a hair spring w, connecting the pivot and chain, keeps 
the latter in tension. ' 

Thus, suppose the atmospheric pressure to decrease, the surface of 
the box would rise, carrying' with it P and the lever I. This move- 
ment revolves the shaft A;, and moves the lever m outwards, winding 
the chain ofE the pivot, tightening the hair spring, and turning the 
pointer to the left. 

The compensation for temperature mentioned is effected by com- 
posing the lever I of two slips of brass and steel soldered together. 
The rate of expansion of these metals being unequal has the effect of 
causing the lever to bend instead of lengthening or shortening 
directly. If this has been properly effected the pointer should indi- 
cate the same pressure inside and outside a room where there is a 
difference of temperature of 30^ or 40^, and no difference of level. 
The instrument should be kept for a quarter of an hour or so in each 
place, so as to acquire the same temperature as the surrounding air. 

The compensation is also effected by leaving a small quantity of 
air or introducing a little gas into the vacuum box ; the expansion and 
contraction of this gas partly counteracts that of the metal of the 
instrument at different temperatures. 

The correction for air temperature (detached thermometer) must, 
of course, be applied as when using the mercurial barometer. 

At the back of the aneroid is a screw for the correction of the 
instrument, and the adjustment of its readings to correspond with 
those of a mercurial barometer, a correction which, as has been said, 
it is necessary to apply to the aneroid barometer from time to time. 

Fig. 143. 




The adjusting screw S, Fig. 143, acts on the lever L, and thereby 
affects the tension of the main spring. 

Mountain aneroids are now sometimes constructed to read alti- 
tudes up to 16,000 feet, but ordinary aneroids (weather glasses) being 
only graduated down to 27 inches — equal on an average to an alti- 
tude of about 3,800 feet — require adjustment before they can be used 
in high mountains. 

Before reading the aneroid barometer it should be swung back- 
wards and forwards to overcome any friction there may be in the 
mechanism. 
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Some aneroids have besides the usual scale of inches, the corre- 
sponding altitudes marked on the dial, the level of the sea being 
assumed as reaching 29*5 inches, but this arrangement would be of 
little use for the determination of heights, which is of course indicated 
not by one reading of the barometer, but by the difference of two 
readings taken at the top and bottom of the mountain within a short 
time of each other, or by comparison between simultaneous readings 
of two barometers. A more useful arrang-ement is that in which a 
scale of heights constructed according to the table, p. 67, at a tem- 
perature of 50°, is engraved on a moveable arc capable of being set to 
any zero at the time of commencing the day's observations. 

. The temperature of boiling water under varying atmospheiic 
pressures at different altitudes was, before the invention of the 
aneroid, much used as an indication of relative heights, when it was 
desirable to employ a more portable and convenient instrument than 
the mercurial barometer ; but as the aneroid, as now constructed, is, 
in nearly all respects, superior to the thermometer for the purpose, it 
has generally taken its place as part of a traveller's equipment. 



APPENDIX 



ELEVAtlONS. 

The " elevation " of an object ia ita projection on a vertical plane. 
Ab regards contour plans, it is a representation of Hnch a view of the 
gronnd as wonld be obtained if the observer'a eye were always at the 
same level as the spot observed, and looking at it in a direction always 
perpendicnlar to a given line on the plan. 

Let AB be the VOTtJcal plane. The section occupies the foreground ; 
parts of the ground which are higher than this section will appear • 

Kg. 144. 
6 inches to a mile, 30 f««t c< 




elention on AB. Heights to diitancea as 3 to 1 . 
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bohind and above it ; all ground of the same height as, or lower than 
it will be hidden. 

The outline of the hills nearest the front will be first drawn, their 
forms may be determined as shown by drawing lines a, h, &c,, perpen- 
dicular to AB, and tangential to the contours, connecting them with 
the planes to which they belong in the elevation. 

Any details, such as cliffs, woods, houses, &c., which would be 
visible, may also bo shown in their proper positions in the elevation. 
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MILITARY BOOKSy published Ay ^w^AonYy— continued. 

BASHiTOBTH: CHBONOGilA^H : Beport on Experiments with. 
(1870.) Price la. 
Do. Pinal do. do. (1878-80.) Prico 2«. 3f/. 

TEXT BOOK ON THE THEOB'ST OF THE MOTION OF PBOJEC- 
TILES : The History, Properties, Manufacture, and Proof of Gunpowder ; 
The History of Small Arms. For the use of Officers sent to the Schools of 
Musketry. Revised, March, 1880. Price 2*. 'dd. Interleaved, 8.<. 

Do. do. Addenda to. Translated from the 

Aide-Memoiro It l!usage des Officiers d'Artillcrie. (Quatrifeme Edition.) 
1881. Price 6d 

SCHOOIi OF MUSKETB7 AT HYTHE: Beport on the Instruction 
carried on at, and of the Progress of Musketry Instructiou in the Army 
dm-ing the Year ending 22nd April, 1881. Pri«-e 2*. Al.<o^ 
BEFOBTS FOB THE 7EABS 1850 to 1861. Price U each. 
BEFOBTS FOB THE YEABS 1862 to 1880. Prico 2«. each. 

THE GENEBAIi OBDEBS, by His Eoyal Highness the Fisld Marsuax 
Commandino-in-Ohief, are published Monthly. 
Index to Do., 1874 to 1881. Price Zd, 

THE ABUnr GIBCULABS are published Monthly. 
Index to Do., 1867 to 1881. I'rice bd. 

OPHTHALMIC MANUAIj. Manual of Instructions for Army 
Surgeons in testing the vit^ion of llocruits, and in distinguishing the causes of 
defective visions m Soldiers. 15y Surgeou-Qeneral T. Longmoub, C.li. 
Second Edition. 1876. Price Is. 

TBANSFOBT OF SIOK AND WOUNDED TBOOFS: A TreatUe on. 
By Surgeon-Gteneral T. Longmore, O.B., Honorary Surgeon to Her Majesty, 
Ac Illustrated by nearly 200 Woodcuts, lioyal 8vo., cloth boards. Price 6*. 

FBIGED VOCABULAB'Sr of Stores used in Her Majesty's Service. 
War Office, Pall Mall, 1882. (In the press.) 

AMMUNITION : Treatise on. 3rd Edition. Corrected to If ovember, 
1881. Price 6s. 6d (^Reprinting.) 

AMMUNITION : Notes on. 5th Edition. Oorreoted to February, 
1881. Price 2s. 6d. in cloth boards. 

OBDNANCE IN THE BBITISH SEBVICE : Treatise on the Con- 
struction and Manufacture of. 1879. Price 9.9. 

OBDNANCE IN THE BBITISH SEBVICE : Abridgred Treatise on 
the Construction and Manufacture of. Prepared in the Koyal Gun Factory. 
July, 1877. Price 6s. 

BEBASTOFOL, SIE0E OF : Journals of Froceedingrs connected 
with. In 4 vols., 4to., price 41. 4s., including Maps and Plans. Or in separate 
volumes: — Engineer Operations, Major Elphixstone, 1/. 6s. Engineer 
Operations, Sir H. Jones (with Maps), 21, 10s. Artillery Openitions, Sir li. 
Dackes, 10s. 

ABYSSINIA, EXPEDITION TO : Becord of. CompUed by Order 
of the Secretary of State for War, by Lieut.-Col. Tretenen J. Holland, C.B., 
Bombay Staff Corps, and Captain Henby Hozieb, 8rd Dragoon Guards. In 
2 vols, and case of Maps, cloth, 4/. 4s.; half morocco, 5/. 5s. 

8ANITAB7 STATE OF THE ABMY IN INDIA : Beport of the 
Commissioners appointed to inquire ir.to. With Abstract of Evidence, and 
of Beports received from Indian Mihlary Stations. Koyal 8vo., 606 pp., with 
Maps, &C. Price 6s. 

ENGINEEBINa, FIELD; Elementary Iff anoal of. (New Ed, in the press,) 

ENaiNEEBING, MILITABY: Instruction in. Compiled at the 

School of Military Engineering, Chatham. 

Vol. I. (Fart 1).— Field Defences. Third Edition. 1882. Price 2«. 
Vol. I. (Fart 2).— Attack of Fortresses. Second Edition. Fiice 1«. 6d, 

(Out of print.) 
Vol.1. (Parts).— Military Bridges. Third Edition. 1877. Prices*. 
Vol. I. (Fart 4).— Military Mhiing. Second Edition. 1878. Price Is. 6<2. 

(Out oj print.) 
Vol. I. (Part 6).— MisceUaneous. Second Edition. 1878. Price Zs. 6d. 

AXDE^MEMOIBE, for the Use of Of&cers of Boyal En^ineerB* Com- 
piled by Colonel A. C, Cooke, C.B., li.E., with Contributions and Assistance 
from other Ofiicers. 

Vol. I. Formuleo, Tables, Military Statistics, and Memoranda for the 

field. 1878. Price 12«. 6d 
Vol. II. Containing information regarding Permanent Enginoeriug 
Works. (In progress?) 
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ABICED STBENGKTH OF AU0TBIA. By Captain W. S. Oooke, 

22nd Foot. Part I. 10«. 6d. 

Part II. Price 11a. Gd. 

ABMED STRENGTH OF BELGIUM. 1882. Price 2«. 

ABMED STBENGTH OF DENMABK. By Captain W. S. Cooke, 

22ud Eegt. Price 3«. 
ABMED STBENGTH OF FBANOE. By Major O. J. East, 

67th Regt., D.A.Q.M.G. 1877. Price Is. 6d, 
ABMED STBENGTH OF THE GEBMAN EMFIBB. Part I. 

Organization and Administration. With Map. By Captain F. G. H. Olabkb, 

R.A., D.A.Q.M.G. 1876. Price Ss. 6(L 
ABMED STBENGKTH OF ITAL7. Translated from the German 

by Lieutenant W. A. H. Habe, RE. 1876. Price 6«. 6dL 
ABMED STBENGTH OF THE NETHEBLANDS. By Captain F. 

0. II. Clarke, R.A., D.A.Q.M.G. With Map. Price 4«. 
ABMED STBENGTH OF BUSSIA. 1882. Price 12«. 
ABMED STBENGTH OF SWEDEN AND N0BWA7. By Captain 

W. S. CooKB, 22nd Regt., D.A.Q.M.G. With Map. Price 3«. 6d 
ABMED STBENGTH OF SWITZEBLAND. By Major Frank S. 

llussBLL, 14th Hussars. 1880. Price Is. 6d. 
ATTACK FOBMATION FOB INFANTB7 IN THE AUSTBIAN, 

FRENCH, GERMAN, AND ITALIAN ARMIES : OutUue of. 1881. 

Price la. 
CAVALBT. Instmotions for the Trainingr, Employment, and 

Leadingr of. By Major-General Cakl vox Schmidt. Compiled by 

Captain yon Vollaud-Bockelberg, 2nd Silesian Dragoons. Translated 

by Captain C. W. Bowdler Bell, 8fch Hussars. (1881.) Price 3a. 6d. 

C7PBUS. Compiled by Captain A, B. Saville, 18th Foot. 1878. 
Price 2a. 6d. 

DENGHIL— T^P^ : Siegre and Assault of. G^eral SkobelefTs Report 

Translated by Lieut. J. J. Leyebson, RE. 1881. Price Ss. 
EGYPT : MAP OF. 4 Sheets. 1882. Price 4a. 

FBANCE : Military Beports, Addressed to the French War Minister 
by Colonel Baron Stoffbl, French Military Attach^ in Prussia, 1866 — 1870. 
Translated by Liout-Col. Home, C.B., R.E. Royal 8vo. Price 8a. 

FBANCO-GEBMAN WAB, 1870-71. Authorised Translation from 
the German Cfficial Account by Major F. C. H. Clabxb, O.M.G., R. A. 

First Part i—Histoiy of the War to the DownfaU of ike Empire. 
Vol. I. : — Sections 1 to 6. From the Outbreak of Hostilities to the Battle of 

Gravelotte. ' With case of Maps and Plans. Price 26a. 
Vol. II. : — Sections 6 to 9. From the Battle of Gravelotte to the Downfall 
of the Empire. With case of Maps and Plans. Price 22«. 

Second Part '.—History oj the War against ike HqnibUc 
YoL I. : — Sees. 10 to 13. From the Jji vestment of Paris to the re-occupation 

of Orleans by the Germans, with case of Maps and Flans. Price 26a. 
Also s^rately, in paper cotters: — 
Ist Section: — The Events in July. Plan. Price 8a. 
2nd Section : — Events to the Eve of the Battles of W5rth and Spicheren. 

drd edition, revised and corrected. 1882. 8 Plans. Price St. 
8rd Section : — The Battles of WOrth and Spicheren. drd edition, revised 

and corrected. 1882. 2 Plans and 3 Sketches. Price 6a. 
4th Section: — Advance of the Third Army to the MoseUe, &c Second 

Edition, revised and corrected. With 1 Plan and 7 Sketches. 4>f. 
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Franoo-Gerniaxi War, 1870-71 — continued. 

5tli Section : — Operations near Metz on Idth, 16th, and 17th August. Battle 
of Vionville— Mars-la-tour. 2ud edition, revised and corrected. 188L 
4 Plans and Sketches in the Text. Price 6«. 6d. 
6th Section:— The Battle of Gravelotte— St. Privat. With 2 Plans and 

Sketches in Text. Price 5^. 
7th Section:— Advance of Third Arm^ and of the Army of the Meuse 
against the Army of Chalons. With 2 Plans, a general Map, and 
numerous Sketches. Price 6s, 
8th Section :— The Battle of Sedan. With 2 Plans and 2 Sketches. Price Ss, 
9th Section : — Proceedings on the German Coast and before the Fortresses 
in Alsace and Lorraine. Battle of Noisseville. General Beview of the 
Franco-German War up to the commencement of September. With 
3 Plans and 2 Sketches. Price 4f. Sd. 
10th Section: — ^Investment of Paris. Capture of Toul and Strasbur^ Price Se, 
11th Section: — Events before Paris and at other Points of the Theatre of 

War in Western France until the end of October. (1878.) Price 5«. Sd, 
12th Section: — Last Engagements with the French Army of the Rhine. 
Occurrences after the Fall of Strasburg and Metz to the middle of 
November. (1878.) Price 4«. 6d, 
13tli Section :— Occurrences on the Theatre of War in Central France up to 

the rc-occnpation of Orleans by the Germans. ri880.) Price 6s, 
14th Section. — Measures for the Investment of Paris up to the middle of 

December. (1880.) Price 4a. 
15th Section : — Measures for protecting the Investment of Paris and 
Occurrences before the French Capital to the Commencement of the 
Year 1871. (1880.) Price is. 6d, 
16tli Section:— Proceedings of the Second Army from the Commencement 

of the Year 1871 until the Armistice. (1881.) Trice 8s. 6d. 

17th Section : — ^Proceedings of the First Army from the Commencement of 

the Year 1871 until the Armistice. (1882.) Price 3a. (In the press,) 

FBENCH ABKY X BefomiB in. Fart I.— The I<aw of Xteoroitiner. 

Translated by Colonel Home, C.B., RE. Boyal 8vo., 104 pp., stiff paper cover. 

Price la. 6d. 

Fajrt H. — ^Gheneral Organization. Translated by Major 

C. B. BRACKBirBinEiT, B. A. Price 2a. 
FBENCH ABHY,- &e-orffanlzation of. Speech of the Duke 

d'Audiffret-Pasquibb. Price la. 
GEBMANT: Oampalffn of 1866 in. Compiled by the Department 
of Military History of the Prussian Staff. Translated into English by 
Colonel Vox Wrioht, Chief of the Staff YIII. Prussian Corps, and Captain 
Hexkt M Hozikb, Assistant Controller. Price £1 1<., in one vol., royal 
8vo., cloth Doa rds, w ith a Portfolio of Plans. 
FBUSSIAN ABTIIiLEBT : Extracts from the Drill Befirnlatione 
for tue, and from the Handbook for Prussian Artillery Officers. Translated 
by Major Fawajl Ellis, RA. 1878. Price 10s. 
FBUSSIAN HrVASTBlT: Elementary Tactics of the. Translated 
from the GertaiAn,by Captain E. Baking, B. A. Authorised Edition. Boyal 8vo., 
60 pp., with Plans. 2#. 
BUSSIA : B egal atloM respecting: Military Service in. Price 2s. 6d. 
STAFF-GENERAIi : The Duties of. By Major-General Bronsart 
YON ScHBLLWiDOBr. Translated from the German by Captain W. A. H. 
Hare, R.E. 1880. 2 Vols. Price 15«. 
STEFFE OAMPAiaVS: A Series of Lectures on. Translated from 

the Eussian. Price St. 
TACTICS : Fr6ois of Kodem. Oompiled by Oolonel Sobert Home, 
C.B., RE. Inroyil 8vo., 44 pp., with 26 Plans. Cloth boards. (1882.) Price 
8«. 6d. 
TEAININa OF TBOOFS for Service in the Field, and for the 
Conduct of Peace Manoeuvres, Eegulations for. Translated from the 
German, bv Captain E. Uakino, li. A. Royal 8vo., 84 pp., with Plans. Price 2s. 
WAB GAME: Bnles for the Conduct of. Compiled by Captain 
E. Bahing, KA. The Box of Men, &c., can be had for £6 6s.y and 
15 Maps, mounted and coloured, for £6. Boyal 8vo., with Plans. Price 2s. 

{Out q/ print.) 
ZULU WAB of 1870. Narrative of the Field Operations connected 

with. 1«81.. Price 8<. 6d. 
Also separately.— Map of Zululand. Sheet 1. Price Is. 



